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1.0 INTRODUCTION 


Current and projected trends In space solar power systems require 
larger and more efficient photovoltaic arrays. Thus, the Increased 
emphasis on the power/welght ratio of solar cell arrays and on Improving 
the economy of manufacture of these structures has required new efforts 
to discover materials suitable for use as solar cell covers. As these 
new materials are being developed. It Is necessary to conduct evaluation 
vesting of these new materials and/or methods, to determine their feas1> 
blllty for various space missions. During this program, laboratory tests 
that provide a basis for meaningful evaluation, have been conducted under 
conditions which closely approximate the environmental conditions of 
space. The materials tested Include several new candidates for space 
solar array encapsulants. These materials are 1) 0211 Cerla-doped micro- 
sheet, 2) FEP-A coatings 3) DC 93-500 adhesive, 4) PFA "hard coated", 

5) GE 615/UV>24 and 6) electrostatically bonded 7070 glass. 

There were fifteen each of nine types of individual test specimens 
(2 cm X 2 cm) and two 3 x 3 cell modules provided by NASA-Lewis Research 
Center for this program. The test was divided Into three separate 
environmental factors: 1 MeV electrons interspersed with thermal cycling, 

0.5 MeV protons Interspersed with thermal cycling and ultraviolet ex- 
posure interspersed wth thermal cycling. There were five samples of 
each type in each environment with the two modules being exposed only in 
the ultraviolet test. The total fluence exposure was done in increments 
and each incremental fluence or exposure was followed by a set of fifteen 

thermal cycles in vacuum. There wei'e four incremental fluence levels 

16 2 

of electrons that reached a total fluence of 1 x 10 e/cm . There were 

two incremental fluence levels of protons that reached a total fluence 
15 2 

of 3.3 X 10 p/cm . The UV exposure was divided into three increments 
with a total exposure of 8,760 ESH. The thermal cycling range was 
-175°C 1 10“C to +55“C + 5°C. 

Measurements of the I-V characteristics of each specimen were 
made in situ prior to, between and following each irradiation and set 
of 15 thermal cycles. Specially prepared silicon cells were used as 
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control cells to be exposed to the same conditions as the covered cells. 
Bare silicon cells, protected from the radiation environment, were used 
as monitor cells for adjustment of the lighv intensity during the in situ 
I-V measurements. 

The program is discussed in detail in the following sections. 
Section 2.0 discusses ^he types of materials tested and describes a pre- 
liminary thermal cycling test. Section 3.0 describes the experimental 
test facilities and Section 4.0 describes the test instruR*eritation. 
Section 5.0 gives a detailed explanation of the test plan and test pro- 
cedures. Section 6.0 contains the analysis of results arranged by 
sample type including sumnary plots of the four test parameters 
Voc* and Fill i’actor) versus particle fluence or UV exposure. 

Section 7.0 summarizes the results. 
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2.0 ENCAPSULANTS AND COVERS EVALUATED 


The program Included nine types of encapsulants or cover materials 
applied to solar cells In various ways. The solar cells served two 
functions. They served as a test vehicle to measure the changes In the 
light transmission properties of the materials and they were also part 
of the total physical system made up of encapsulant or cover materials, 
adhesive, and cell. In this way, both the material properties and their 
application techr^nue wore evaluated for their performance In the space 
environment. 

Table 1 describes the types of cell -cover-adhesive combinations 
Included In this program. The A Series, Double Number and electrostatl- 
callv bonded (ESB) cells all have glass covers. The B Series, C Series, 
and GE cells are plastic covered type. The D Series and E Series have 
only a thick layer of adhesive as the cover. The P Series have 0.5 mil 
of GR 650 Glass Resin^^^ as the cover. 

2.1 PRELIMINARY THERMAL CYCLING TESTS 

A preliminary thermal cycling test was conducted on spare A Series, 
B Series, C Series, Double Number and P Series samples provided by NASA- 
Lewis. The purpose of the test was to determine the amount of bending or 
flexing of the cell -cover combination and then to determine the best 
method to mount the cells to the sample plate. The test fixture was a 
temperature controlled copper block with a thermocouple for monitoring 
the temperature mounted on it. The cells were then mounted to the 
copper block. The cell temperature was lowered to LN 2 temperature and 
then warmed to 'v55°C. The cell was observed throughout the cycle. 

The A Series test samples, which were glass-covered, did not curl 
or break when held down on each side as might be expected. The samples 
were held down by two small beryllium-copper cl Ids attached to the 
block with 0-80 screws. The beryllium-copper clips were used throughout 
the test because they allowed the sample to flex. 

The B Series samples are encapsulated in FEP-A and Kapton with 
GE 6574 as an adhesive (Table 1). It was found that at about -50°C 
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TABLE 1 . PROGRAM CELL-COVER-ADHESIVE COMBINATIONS 


SERIES 

CELL 

COVER 

BACK 

ADHESIVE 

REMARKS 

A 

OCLI 8-mil 
lOn-cm BSF/R 

4 mil 0211 ceria 
doped 

None 

93-500 M3. 5 mils 


C 

OCLI 2 -mil 
lOn-cm Td20g BSF 

2 mil FEP-A 

1 mil Kapton 

93-500 front and 
back ^>2 mil ea. 


D 

OCLI 8-mil 
lOQ-cm BSF/R 

'^-^.5 mil 93-500 

None 

None 

Weld "footprint" may 
be present on some 
cells 

P 

Solarex 2 mtl 
2n-ca Ta 20 g 

''^0.5 mil GR 650 

None 

None 


GE Cells 

Solarex 2 mil 

2 mil PFA 
"Hard-coated" 

1 mil Kapton 

93-500 front 
and back 


Double 

Number 

Spectrolab 2-mil 
Space Qualified 
Texturized BSF 

-v2 mil 0211 

2 mil FEP-20C 
l>sm11 fiber- 
glass 

2 mil FEP-20C 
1 mil Kapton 

2 mil FEP-A 

Portions of 16-1 & 
16-2 exposed, 

15-16 may be broken 

E 

Spectrolab 10-mil 
lOfi-cm Series 4500 
K 

2 mil 

GE 615/UV-24 

None 

None 


ESB* 

ASEC 2 mil. 500/ sq 

2 mil 7070 

None 

None 


Control 

Monitor 

Spectrolab 8-10 
mil lOo-cm 





B 

2 mil 

2 mil FEP-A 

1 mil Kapton 

GE 6574 front 
and back, 
mil each 

Not included in test 
program due to poor 
response to preliminary 
thermal rycllng test. 


♦Electrostatically bonded 












the cover and the cell started to curl then at about -100**C the cell Mould 
flatten again. A closer visual Inspection of the cell at room temperature 
showed that the FEP-A had debonded from the cell and blistered up In 
places. After five thermal cycles all the covers on several test samples 
of this type were completely debonded. Apparently the GE 6574 adhesive 
was not able to hold the cell-cover combination together at low tempera- 
tures. With this result and the approval of the Contract Monitor the 
B Series samples were removed from the test plan. 

The C Series samples have the same encapsulant materials as the 
B Series except DC 93-500 was used as the adhesive. These samples 
curled slightly but after five cycles there was no apparent blistering or 
debonding of the FEP-A. 

The Double Number samples were cycled with no curling or other 
damage. The P Series samples did not curl or break during cycling. Small 
pieces of Kapton were placed under the beryllium-copper clips to protect 
the surface and give the sample greater flexibility by allowing lateral 
slipping under the clips. 

Therefore, through these preliminary thermal cycling tests it 
was found that the beryllium-copper clips with Kapton pads work well for 
such tests. It was also found that all the test samples except the B 
Series encapsulated samples were suitable for carrying forward Into the 
more complete evaluation testing program. 
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3.0 EXPTERIMENm TEST FACILITIES 

The general objective of the program was to determine the In- 
vacuum effects of space ridlatlon {electrons, protons and ultraviolet) 
and thermal cycling on a variety of solar cells and cover coirtblnatlons 
under environmental conditions which will be described In this section. 

3.1 SIMULATION OF ELECTRON AND PROTON ENVIRONMENTS 

The Boeing Dynamitron accelerator was used for both the 1 .0 MeV 
electron and 0.5 MeV proton Irradiations. The particle beams were energy 
analyzed by a 90-degree bending magnet and directed Into a vacuim test 
chawber where they impinged on a high-purity aluminum foil . (See Figure 1.) 


Beam Direction 


Vacuum Test 

Chamber 


90 '’ 

Analyzing 

Magnet 


The thickness of the scattering foil was selected to give the desired 
profile for the scattered particle field at the sample plane. The 
incident particle beam was adjusted in energy so that* after losing energy 
in traversing the scattering foil, the particles emerged with the desired 
energy on the sample plane. The scattered particle field was mapped 
using a remotely controlled Faraday cup which was rotated In front of 
the sample and In a plane normal to the sample plate with the axis of 
rotation at the scattering foil. The relative incident flux profile on 
the sample plane was then determined from this angular beam distribution 
and the absolute Intensities at the sample location were measured by a 
second Faraday cup fixed at the sample plane. Current collecting tabs 
were located around the periphery of the sample array and were monitored 
during the test to ensure that the beam had not shifted from its original 
axis. 

The main features of the vacuum test chamber are shown In Figures 
2 and 3. They show the placement of the foil holder, rotating Faraday 
cup, current collecting tabs and test samples. The vacuum test chamber 
was a diffusion pumped system with a liquid nitrogen cold trap. 



FIGURE 2. SIDE VIEW OF VACUUM TEST CHAMBER 
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FieURE 3. TOP VIEW OF VACUUM TEST CHAMBER 


The electron irradiations were divided into four fluence levels 

of 5 X 10^^, 1 X 10^^. 5 X 10^^ and 1 x 10^® e/cm^. The 1 MeV electron 

10 2 n 2 

flux ranged from 5 x 10 e/cm -sec to 2 x 10 e/cm -sec. 

The proton irradiations were divided into two fluence levels 

of 3 X 10^^ and 3.3 x 10^^ p/cm^. The 0.5 MeV proton flux was 1 x 10^^ 

2 

p/ cm -sec. 

3.2 THERMAL CYCLING SYSTEM 

The thermal cycling system was made up of two parts, 1) the sample 
plate holder and 2) the thermal cycling cover plate. The sample plate 
holder was a 9 x 9 inch copper plate. The plate had an internal heater 
and a 3/8-inch temperature control fluid line passing through it. The 
thermal cycling cover plate was also a 9 x 9 inch copper plate that was 
blackened using the nickel black process in order to improve radiative 
heat transfer between it and the samples during cycling. The cover 
plate also had internal heaters and fluid lines. The cover plate was used 
only during thermal cycling when it was brought in to cover the samples 
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In a "sandwich"-! ike fashion. This was necessary because the samples 
had such a variety of thermal conduction properties. 

The uses of the cover plate provided a very realistic thermal 
cycling environment because the samples could see noth’ng but the correct 
thermal environment both front and back. Figure 4 shows the two plates 
in the thermal cycling position. 



FIGURE 4. SAMPLE PLATE IN THERMAL CYCLING POSITION 


The samples were cycled from +55®C + 5°C to -175”C + 10°C. The 
heating was accomplished by warming the plates with a combination of 
the internal plate heaters and by passing hot nitronen gas through the 
plates. The cooling was accomplished by passing liquid nitrogen through 
the plates. Figure 5 is a diagram of the thermal cycling systems. A 
five minute temperature soak was observed at both extremes of each cycle. 
The temperatures were monitored by one or two thermocouples mounted on 
each type of cell on the plate and by thermocouples mounted on the sample 
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plate, sample holder and cover plate. Figure 6 Is a typical thermal 
cycle temperature profile. 


Solenoid Valve 



Solenoid Valve 


FIGURE 5. THERMAL CVaiNG SYSTEM. 



FIGURE 6. TYPICAL THERMAL CYCLE TEMPERATURE PROFILE. 
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3.3 VACUUM TEST CHAMBEHS 

There are two vacuum test chambers used for the entire program, 
one for the electron and proton irradiation and one for the UV exposure. 

3.3.1 Particle Beam Vacuim Test Chamber 

The test chamber used for the particle beam irradiations has been 
partially explained in the particle beam environment section- Additional 
features of the chamber peculiar to this program will be explained in this 
section. Figure 2 shows the position of the quartz window used for the 
in situ I-y measuranents and the in situ visual inspections. Figure 7 is 
a photograph showing the external layout of the vacuum test chamber and 
positioning of the solar simulator. Due to limited space it was necessary 
to deflect the solar simulator beam with a first surface aluminized mirror. 



Solar 
Simulator 
Mi rror 


Quartz 

Window 


FIGURE 7. VACUUM TEST CHAMBER AND SOUR SIMUUTOR 


Vacuum 

Test 

Chamber 


Solar 

Simulator 
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Figure 8 shows the Inside of the test chamber. The sample plate 
holder Is shown In the Irradiation position (the particle beam would be 
coming out of the page). This plate was mounted on a moveable rotating 
shaft with Internal temperature control tubing. This allowed the plate 
to be translated horizontally and rotated 270^ around Its horizontal axis. 
In the center of the sample plate Is the Faraday cup used to adjust beam 
Intensity during dosimetry. For I-V measurements, the sample plate 
holder was rotated 180** from the position shown so that It faced the 
solar simulator. Also visible In Figure 8 Is thj monitor cell plate shown 
In the protected position. This plate wns mounted on a moveable rotating 
shaft with Internal tempera ^ control tubing. This allowed the plate 
to be translated horizontally ‘nto the chamber and rotated to remove the 
protective cover (see Figure 9). The thermal cycling cover plate Is 
shown out of the way as was the case during the particle Irradiations. 

It Is mounted on a shaft with internal fluid lines which translates 
vertically In and out of the chamber. The test chamber used a 6-1nch 
diffusion pumped system with a liquid nitrogen cold trap. Typical 
vacuum pressures were In the 10“^ torr range. 

3.3.2 UV Exposure Vacuum Test Chamber 

The UV Exposure vacuum test chamber was set up as a separate 
facility. Figure 10 Is a diagram of the side view of the test chamber. 

This chamber used the same sample plate holder and thermal cycling cover 
plate used in the particle beam test chamber. The UV chamber Is 
equipped with a water window In order to reduce the heating of the 
samples due to the solar simulator beam used as the UV source. Figure 11 
Is a photograph of the test chamber. Figure 12 Illustrates the positions 
of the sample plate and thermal cycling cover plates In both the 
exposure and thermal cycling positions as seen from the end of the 
chamber (UV beam Into the page). 
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FIGURE 12. END VIEW OF UV EXPOSURE VACUUM CHAWER 


This ch«Rber used a 1500 L/s turboinolecular pump for the vacuum. 
The same thermal cycling equipment and methods were used for the UV 
testing as in the particle beam tests. The sample temperature during 
irradiation was controlled by pulsing the flow of liquid nitrogen to 
the sample plate. The pulse length was controlled by a temperature 
recorder. The plate temperature was controlled to within + 2®C with 
this system. 

3.4 SOLAR SIMULATORS 

Two solar simulators were used to accomplish this program. Both 
simulators were Spectrolab X-25L simulate” . One simulator was used 
only for I-V measurements. It was set up for AMO at a 72-inch focal 
distance. Figure 13 is a plot of the spectrum of the X-25L equipped with 
close match filters. Figure 14 is a plot of the intensity uniformity 
of the X-25L at 72 inches. Uniformity is typically +2 percent. 
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FIGURE 13. X-25L SOLAR SIHULATOR SPECTRUM 



FIGURE 14. X-25L UNIFORMITY OF IN SITU LIGHT FIELD 
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The second X-25i. solar simulator was used as the UV source for 
the UV exposure tests. This simulator was Identical to the AND 
simulator except there was no spectral filter. Figure 15 is the 
spectrum of the simulator used for the UV test showing the water window 
cut-off wavelength. 
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4.0 TEST INSTRUMENTATION 


This section will cover the particle beam dosimetry* the UV 
dosimetry, the I>V measurements and data reauction programs and the 
temperature measurements. 

4.1 ELECTRON AND PROTON DOSIMETRY 

The particle beam was scattered by an aluminum foil scattering 
system. The particle beam dosimetry was done with the sample rotated 
180“ from the direction of the beam. The required current from the 
accelerator was set using the reading In the sample plane Faraday cup 
(see Figure 3). The current reading In the sample plane Faraday cup (I) 
was calculated frtmi a predeter.n1ned flux (F) at the sample plane using 
the following equation: 

I = FeA 

where e = The charge of a proton or electron in coulombs 

A = The area of the sample plane Faraday cup opening 

A beam profile map was made before each irradiation using the 
rotating Faraday cup once an accelerator current was set, A profile 
point was taken every 0.9” so that a total of 25 points make up a plot 
of beam uniformity over the sample area. Figures 16 and 17 are plots 
of relative fluence uniformity across the samples as they were positioned 
in the chamber. 

Having achieved a given flux at the sample plane, a current 
integrator was used which automatically stopped the beam when the 
required fluence was reached. 

4.1.1 Tolerances 

The tolerance of the Faraday cups was + 15% and the tolerance of 
the Kelthley 610 electrometer wax + 3%, therefore, the probable error 
in the flux was [(0.15)^ + (0.03)^]^^^ or + 15. 3t. The tolerance of the 
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current Integratorwis + 22. Therefore the probable error In the fluence 
'wes[(0.15)^ + (0.03)^ + (0.02)^]^''^ or + 15.42. 

4.2 UV DOSIMETRY 

For purposes of this program one AMO UV -energy-equivalent solar 
constant was defined to be a UV Intensity with total energy below 0.4 urn 
in AMO sunlight. The UV Intensity was measured with a Hy-Therm Pyrhelio- 
meter manufactured by Hy-Cal Engineering. Itwasa water-cooled radiation 
flux sensor with a spectral response from 0.2 to 4.5 microns. A Corning 
filter No. 051 with a transmission cut-off of 0.4 ym was used to determine 
the UV content of the beam. Figure 18 Is the transmission curve of the 
Coming 051 filter. 



FIGURE 18. TRANSMISSION CURVE FOR CORNING 051 FILTER 


The UV content was determined from pyrhellometer readings with 
and without the UV-absorbIng filter over the detector. The following 
formula describes the calculation: 
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UV sun rate 



where T « total radiation reading without UV-absorbIng filter 

F * Reading with UV-absorbIng filter 

1.18 Is a factor related to reflection losses of each surface 
of the filter and transmission losses of the filter. 

4.76 Is the pyrhellometer sensitivity In millivolts per 
incident sun (135.3 mw/cm) 

0.091 Is the decimal ultraviolet content of the 1 AMO spectrum. 

The UV content was set by mounting the pyrhellometer on the sample 
plane and passing the X-25L beam through the water window. Five sets of 
filtered and unflltered readings were then taken and the UV content cal- 
culated from the averaged readings. The pyrhellcmieter was then moved 
to a special mount which provided repeatable positioning outside the 
chamber. Another five sets of filtered and unfiltered readings were 
taken. From the UV content measured outside a calibration factor was 
computed which then allowed the UV content to be measured and adjusted 
from outside the vacuum chamber. The uncertainty In the pyrhellometer 
was 3% of a solar constant. 

4.3 I-V MEASUREMENTS 

4.3.1 AMO Calibration - In Situ 

The 1 AMO calibration was made using the secondary standard pro- 
vided by NASA-Lewis. The standard was mounted at the sample plane 
and the X-25L solar simulator beam passed through the quartz window onto 
the standard. Without adjusting the simulator the two monitor cells 
and a cell mounted outside the chamber were cross calibrated to the 
standard. This allowed the standard to be removed during the test. 

This procedure was followed each time a sample plate was mounted in 
either chamber. Each time a I-V measurement set was made the monitor 
cells mounted inside the chamber were used to set the solar simulator 
intensity. The monitor cells were mounted on a rotating translating 
shaft such that the cells could be protected from the radiation environ- 
ment. 
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4.3.2 AMO Calibration - Ex Situ 

The ex situ calibration was made using the NASA-Lewls secondary 
standard mounted on an array with eight other solar cells used to monitor 
the intensity and spectrum of the X-25L simulator. The array was made up 
of two each of four types of cells with different spectral responses rang- 
ing from conventional N/P 2n cm to blue-shifted cells and BSF cells having 
enhanced red response. Thus, by imposing the requirement that all of 
these cells reproduce their calibration value for short circuit current, 
any significant shift in spectral output of the X-25L could be detected. 

4.4 DATA ACQUISITION SYSTEM 

A block diagram of the data acquisition system is shown in Figure 
19. A four terminal measurement system was used. The cells were mounted 
on the sample plates with two leads connected to the top contact bar and 
a common back contact. The top contact leads were kept separate until 
they reached a stepping switch array located just outside the vacom 
chamber. In the switch array each cell could be selected one at a time 
to be connected to the electronic load bank. Theretore a cell at the 
time of measurement had two top contacts (I,V) and two bottom contacts 
(I,V) connected to the load bank thus removing any circuit resistance 
problems. 

A mini -computer was used to drive the electronic load bank from 
short-circuit current to open-circuit voltage. The computer also 
collected the I-V data which was stored on magnetic tape and printed out 
on the line printer. The computer took twenty I-V pairs to make up a 
curve. More data points were taken around the knee of the curve where 
the detail is more important than at either side of the knee. The 
accuracy of the acquisition system was +2 mV for voltage and jJD.l m/'. for 
current. 

The ex situ measurements for the electron and proton cells differ 
only in that they were made using the calibration array and not mounted 
in the chamber. On the temperature controlled calibration array the 
back contact was made through pressure exerted by the vacuum hold-down 
system. Contact was made to the top surface contact bar by two silver- 
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plated spring contacts. Special leads were attached to cell types 
that had no back contact due to encapsulation. 



FIGURE 19. BLOCK DIAGRAM OF DATA ACQUISITION SYSTEM 
4.5 DATA REDUCTION SYSTEM 

The outputs of the data reduction system are computer-fitted I-V 
curves, summary plots of cell parameters and data tables of absolute and 
normalized cell parameters. Figure 20 Is a block diagram of the data 
reduction system. 
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FIGURI 20. BLOCK DIAGRAM OF DATA REDUCTION SYSTEM 


A curve fitting routine was used which first makes a least- 
squares fit to several data points near the short circuit current from 
which it finds accurate values for the short-circuit current and the shunt 
resistance. The effects of shunt resistance are then subtracted out from 
each data point and an exponential fit is made to find the three other un- 
known paramters, including the series reslstince. The maximum power is 
found by applying Newton's method using the solar cell equation includ- 
ing all five parameters. 


I = I 


sc 




where 


sc 

L 


'SH 

n 


q 

V 

k 

T 


cell's output current 
cell's short-circuit current 
diode saturation current 
cell's series resist ince 
shunt resistance 
cell junction quality factor 
electronic change 
cell's terminal voltage 
Boltzmann's constant 
absolute temperature 
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4.6 TEMPERATURE CONTROL 

A Neslab RTE-8 refrigerated circulating bath was used for temper- 
ature control of the sample plate during the electron and proton Irradia- 
tions. 

There were one or two thermocouples on each sample type In each 
test. However, It was necessary to use the sample plate thermocouples as 
the standard to set the I-V measurement temperature of 25*C + 1®C 
because of the varying amount of thermal contact each sample type had with 
the sample plate. The flexing and curling due to thermal cycling of some 
types of samples caused the differences. It was impossible to change 
the sample plate temperature for each sample so It was decided to 
standardize on the sample plate temperature which was repeacoble. 


D1 80-26590-1 
37 



5.0 TEST PLAN AND PROCEDURE 


The program was divided into three testing tasks. The titles 
of the tasks were: 

Task I - Effects of electron irradiation interspersed 
by thermal cycling 

Task II - Effects of low energy proton irradiation 
interspersed by thermal cycling 

Task III - Effects of ultraviolet irradiation followed 
by thermal cycling. 

There were eight types of samples included in all three tasks. 
There were also two modules of nine cells (3 x 3) included in the UV 
exposures. There were five samples of each type for each task. There 
were also ten control cells and ten monitor cells that were used at 
different times throughout the test. Each sample from NASA-l.ewis was 
labeled; however, it was necessary to assign a three or four digit 
number to each test sample due to computer program restraints. Table 2 
is a listing of samples in the tests with their NASA-Lewis number, their 
Boeing numbers and the type of environment in which each sample was 
tested. 

Photographs were taken of one representative sample of each group 
before the beginning of each test and each sample was photographed after 
the completion of testing. These photographs were taken in the vacuum 
chamber under vacuum. In addition, each sample was photographed outside 
the chamber under improved photographic conditions. 

There was one control cell in each electron and proton test. 

A 6-mil removeable quartz cover was placed over each control cell. In 
the UV exposure test tnere were two control cells in each test. These 
cells were bare and without any AR coating. There were also two bare 
monitor cells in each test for the AMO intensity adjustment. These 
cells were mounted on a moveable, rotating shaft with a thick aluminum 
cover shield attached so that the cells would be protected during the 
irradiations. 
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TABLE 2. CELL DESIGNATIONS AND ENVIRONMENTS 



NASA CELL 

BOEING CELL 

TYPE OF 

CELL TYPE 

NUMBER 

NUMBER 

ENVIRONMENT 

Control Cells 

UK-1 

101 

UV 


UK-2 

102 

UV 


UK-4 

103 

UV 


UK-3 

104 

UV 


K-51 

105 

Electrons 


K-52 

106 

Electrons 


K-53 

107 

«• a> V 


K-54 

108 

Protons 


K-55 

109 

Protons 


K-56 

no 

Protons 

Monitor Cells 

M-57 

201 

Electrons & Protons 


M-58 

202 

Electrons & Protons 


M-59 

203 

UV 


M-61 

204 

UV 


M-62 

205 

Not Used 


M-63 

206 

Not Used 


M-64 

207 

Not Used 


M-65 

208 

Not Used 


M-66 

209 

Not Used 


M-67 

210 

Not Used 

A Series 

A19 

301 

Electrons 


A27 

302 

El cctrons 


A34 

303 

Electrons 


A60 

304 

Electrons 


A61 

305 

Electrons 


A62 

306 

Protons 


A63 

307 

Protons 


A64 

308 

Protons 


A65 

309 

Protons 


A68 

310 

Protons 


A69 

311 

UV 


A70 

312 

UV 


A71 

313 

UV 


A73 

314 

UV 


A75 

315 

UV 

C Series 

Cl 

401 

Electrons 


C2 

402 

Electrons 


C3 

403 

Electrons 


C4 

404 

Electrons 


C5 

405 

Electrons 


C6 

406 

Protons 


C7 

407 

Protons 


C8 

408 

Protons 


C9 

409 

Protons 


CIO 

410 

Proteus 


Cll 

411 

UV 


C12 

412 

UV 


Cl 3 

413 

UV 


Cl 4 

414 

UV 


C15 

415 

UV 
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TABLE 2. CELL DESIGNATIONS AND ENVIRONMENTS (Continued) 


CELL TYPE 
D Series 


E Series 


P Series 


NASA CELL 

BOEING CELL 

TYPE OF 

NUMBER 

NUMBER 

ENVIRONMENT 

D18 

501 

Electrons 

D20 

502 

Electrons 

D22 

503 

Electrons 

D23 

504 

Electrons 

D25 

505 

Electrons 

D26 

506 

Protons 

028 

507 

Protons 

030 

508 

Protons 

050 

509 

Protons 

051 

510 

Protons 

052 

511 

UV 

D53 

512 

UV 

054 

513 

UV 

055 

514 

UV 

056 

515 

UV 

E4 

601 

Electrons 

E14 

602 

Electrons 

E27 

603 

Electrons 

E28 

604 

Electrons 

E29 

606 

Electrons 

E31 

606 

Protons 

E32 

607 

Protons 

E33 

608 

Protons 

E34 

609 

Protons 

E36 

610 

Protons 

E37 

611 

UV 

E39 

612 

UV 

E42 

613 

UV 

E45 

614 

UV 

E46 

615 

UV 

PI 

701 

Electrons 

P2 

702 

Electrons 

P3 

703 

Electrons 

P4 

704 

Electrons 

P5 

705 

Electrons 

P7 

707 

Protons 

Pll 

708 

Protons 

PI 3 

709 

Protons 

P14 

710 

Protons 

PI 5 

711 

Protons 

P6 

706 

UV 

P22 

712 

UV 

P23 

713 

UV 

P24 

714 

UV 

P28 

715 

UV 
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TABLE 2. CELL DESIGNATIONS AND ENVIRONMENTS (Continued) 


CELL TYPE 
GE 


ON Series 
(Double Numbers) 


ESB 


NASA- Lewis Module 
JPL Module 


NASA CELL 

BOEING CELL 

TYPE OF 

NUMBER 

NUMBER 

ENVIRONMENT 

3 

801 

Electrons 

4 

802 

Electrons 

6 

803 

Electrons 

10 

804 

Electrons 

13 

806 

Electrons 

12 

805 

Protons 

20 

808 

Protons 

23 

809 

Protons 

24 

810 

Protons 

19 

807 

Protons 

25 

811 

UV 

26 

812 

UV 

29 

813 

UV 

30 

814 

UV 

31 

815 

UV 

14-16 

901 

Electrons 

15-3 

902 

Electrons 

15-4 

903 

Electrons 

15-6 

904 

Electrons 

15-9 

905 

Electrons 

15-12 

906 

Protons 

15-16 

907 

Protons 

15-19 

908 

Protons 

15-20 

909 

Protons 

16-1 

910 

Protons 

16-2 

911 

UV 

16-4 

912 

UV 

16-5 

913 

UV 

16-7 

914 

UV 

16-11 

915 

UV 

C-4 

1001 

Electrons 

C-5 

100? 

Electrons 

0-10 

1003 

Electrons 

C-11 

1004 

Electrons 

C-13 

1005 

Electrons 

C-65 

1006 

Protons 

C-70 

1007 

Protons 

C-71 

1008 

Protons 

C-72 

1009 

Protons 

C-73 

1010 

Protons 

2-1 

1011 

UV 

2-5 

1012 

UV 

2-31 

1013 

UV 

3-104 

1014 

UV 

3-130 

1015 

UV 


1101 

UV 


1102 

UV 
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A visual inspection was made of all the samples following each 
increment of irradiation or ^ set of 15 thermal cycles. All visual 
inspections were made through the q srtz window except the post-test 
ex situ inspections. 

I-V measuren^nts were made both ex situ and in situ. The ex 
situ measurements were made before the start of Irradiation and after 
the completion of all irradiation and thermal cycling. All ex situ measure- 
ments were made in the ex situ measurement facility except the UV exposure 
measurements. They were made in the test chamber just before and just 
after the total exposure and in situ measurements. The chamber was 
filled with nitrogen for this test. This procedure was used to allow 
for post- test I-V measurements without the fear that the damage would 
anneal out. The In situ measurements differ from the ex situ measurements 
only in that the solar simulator is beamed through a GE124 optical-grade 
fused silica window and the intensity is monitored by two monitor cells 
located in the vacuum test chamber but protected from the irradiation. 

The same Spectrolab X-25L solar simulator with an AMO close -match filter 
was used for both the ex situ and in situ measurement:. The I-V measure- 
ments were made at a nominal 25°C. 

Beryllium-copper clips were used to mount the samples to the 
sample plate. They were used because of their ability to flex with the 
cell. Heat sink compound was used under each sample to improve the 
thermal contact between sample and the temperature controlled sample 
plate. 
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5.1 EFFECTS OF ELECTRON IRRADIATION INTERSPERSED BY THERMAL CYCLING 

The 1 NeV electron Irradiations with thermal cycling were the 
first tests performed. Table 3 lists the electron fluences the samples 
received* the number of thermal cycles the samples received and the level 
number of each measurement. It was necessary to assign each measurement 
a level number In order to computerize the data, therefore use Table 3 
to translate the level numbers to test conditions for the electron tests. 
Also Included In Table 3 Is the flux used to achieve each Incremental 
fluence. 


TABLE 3. ELECTRON IRRADIATION TEST PARAMETERS 



TOTAL 

NUMBER 

THERMAL 

CYCLES 

TOTAL 

FLUENCE 

(e/cm^) 

INCREMENTAL 

FLUi;NCE 

o 

(e/cm**) 

FLUX 

2 

(e/ cm -sec) 

0 

0 

0 

0 

0 

1 

0 

5 X 10^^ 

5 X lo'-* 

5 X 10^° 

2 

0 

1 X 10^^ 

5 X 10^^ 

5 X ^0^^ 

3 

15 

1 X 10^5 

— 

— 

4 

15 

5 X 10^^ 

4 X 10^® 

2 X 13^^ 

5 

30 

5 X 10^^ 

— 

— 

6 

30 

1 X 10^® 

5 . 

2 X 10^^ 

7 

45 

1 X 10^® 

— 

— 


The samples were divided Into two groups for the electron test. 
The first group Included the A Series, C Series, D Series and Double 
Number samples (see Figures 21 and 22). Also Included In the first 
tests were five samples of 2-mll thick 7070 glass. The second group 
included the P Series, E Series, GE cells and ESB cells. (See Figures 
23 and 24.) 
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FIGURE 21. sample PLATE LAYOUT - 1ST SET ELECTRON I RRADIATIWS 



FIGURE 22. PRE-IRRAOIATION ELECTRON SET #1 
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FIGURE 23. SAMPLE PLATE LAYOUT - 2nd SET ELECTRON IRRADIATIONS 


FIGURE 24, PRE- IRRADIATION ELECTRONS SET #2 
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Table 4 Is a flow diagram of the electron test with the measure- 
ment level numbers Included. 


TABLE 4. PROGRAM FLOW DIAGRAM OF ELECTRON IRRADIATION INTERSPERSED 

WITH THERMAL CYCLING - TASK I 



I Visual 1 nspect.lv.. i . 1 -V ch.iracteristics 
I In situ (Level 4 ; . 

fc II T 

I 


16 Thenwl cycles -175°C to +55°C in situ. 


Visual inspection and !-V characteristics 
In situ (Level 5). 

— r 

Last electron irradiation Increment of 
5 X 10^5 e/c»2 in situ. 


I 


Visual inspection and 
in situ (Level 6). 

I-'; characteristics 



1 15 thermal cycles -175°C to in situ, j 

_L_ 

Visual Inspection and 
in situ (Level 7). 

I-V characteristics 


~ . ■ L 

Samples to oxygen^free atmosphere «inci 
inspection wder magnification. 

I' 

Ex situ I-V characteristics under solar 
simulator (Level 1). 

i T~~ 

Photograph each samole for documentation 
in situ. 

» — 

Photograph each sample for docunentation 
ex situ 

T~ 

Pfw, samples for shipment to NASA-Lewis, 
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5.2 EFFECTS OF LOW ENERGY PROTON IRRADIATION INTERSPERSED BY 
THERMAL CYCLING 

The 0.5 MeV proton Irradiations with thermal cycling were per- 
formed after all electron tests were completed. Table 5 lists the proton 
fluences the samples received, the number of thermal cycles the sample 
received and the level number of each measurement. Also included Is 
the flux used to ac'iieve each incremental fluence. 


TABLE 5. PROTON IRRADIATION TEST PARAMETERS 



TOTAL 

NUMBER 

THERMAL 

CYCLES 

TOTAL 

FLUENCE 

(p/cm^) 

INCREMENTAL 

FLUENCE 

(p/cm^) 

FLUX 

(p/ cm -sec) 

0 

0 

0 

0 

0 

1 

0 

3 X 10^^ 

3 X 10^^ 

1 X lo” 

2 

15 

3 X 10^^ 

— 


3 

15 

3.3 X 10^® 

3 X 10^® 

l x lo” 

4 

30 

3.3 X lo’^ 

— 

— 


The samples were divided into three groups for the proton test. 
The first group included A Series, C Series, and SE cells (see Figures 
25 and 26). The second group included D Series, ON Series and 7070 
glass (see Figures 27 and 28). The third group included E Series, 

P Series and ESB cells (see Figures 29 and 30). 
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OSIGIflAl PAGE IS 
OF POOR quality: 



FIGURE 27. SAMPLE PLATE LAYOUT - 2nd SET PROTON IRRADIATION 







Table 6 1$ a flow diagran of the proton Irradiation, showing 
the or^r of the testing and Including the measureinent level numbers 


TABLE 6. PROGRAM FLOW DIAGRAM OF LOW ENERGY PROTON IRRADIATION 
INTERSPERSED WITH THERMAL CYCLING - TASK II 


1-y chiracttrl sties and visual Insptetion 
In situ (Icval 3). 



1 15 The^isal cycles In situ •175'’C to ^5S^C, | 



!-V characteristics and visual Inspection 
In situ (Level 4). 



Samples to oxyoen-free atmosi^ere and | 

Inspection under magnification. | 



[ Ex situ 1-V characteristics (Level 1). j 



Photograph each sample for documentation 
In situ. 



Photograph each sample 
ex situ. 

for document 

1 


Prepare samples for shipment to NA$A-Lew1s. 



A special picture fr?.me type of shadow shield was placed over 
those types of cells that may have exposed edges (see Figures 26. 28 
and 30). This was done to prevent any proton damage to the samples 
caused by exposed edges. This would prevent complicating the analysis 
of the data. The samples that had shadow shields were A Series, 

D Series, DN Series, E Series, P Series, ESB cells and control cells. 
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5.3 EFFECTS OF UV EXPOSURE INTERSPERSED WITH THERfiU CYCLING 

The UV exposures with thermal cycling were performed after 
both the electron and proton tests were completed. Table 7 lists the UV 
exposure the sample received* the number of thermal cycles the sample 
received and the level number of each measurement. Also Included 1s 
the range of the exposure rate used to achieve each Incremental exposure. 


TABLE 7. UV IRRADIATION TEST PARAMETERS 


LEVEL 

NUMBER 

TOTAL 

NUMBEP 

THERMAt 

CYCLES 

TOTAL 

EXPOSURES 

(ESH)* 

INCREMENTAL 

EXPOSURE 

(ESH)* 

EXPOSURE 

RATE 

(ESH/hr) 

0 

0 

0 

0 

0 

1 

0 

1000 

1000 

4-5 

2 

15 

1000 

— 

— 

3 

15 

4000 

3000 

4-6 

4 

30 

4000 

— 

— 

5 

30 

8760 

4760 

4-6 

6 

45 

8760 

— 

— 


*ESH = equivalent sun hours 

The samples were divided Into two groups for this test. The 
first group included A Series, C Series, D Series, P Series, and the 
3x3 module made by NASA-Lewis (see Figures 31 and 32). The second 
group included E Series, ON Series, GE cells, ESB cells and the JPL 
3x3 module (see Figures 33 and 34}. 
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Table 8 is a flow diagram of the UV exposure test showing the order 
of testing and including the measurement level numbers. 


TABLE 8. PROGRAM FLOW L 'GRAM OF UV IRRADIATION INTERSPERSED 
WITH THERMAL C oUlNG - TASK III 


Ex situ I-V characteristics (level 0). 


r- ■ ^ 

15 thermal cycles -175*’C to +55"C. 



♦ 

Photograsi one representative sanple of 
each group for docuoentaiton tn situ. 


I-V characteristics and visual inspection 
in situ (Level 4). 


1 - - 

Pre-r^xposure I-V characteristics in situ 
{levei 0). 


Third UV exposure Increment of 4760 ESH 
in vacuian. 

i 

1 ■ 

UV e«oosure increncnt of lOOC ESH 
|in vacuum- 


I-V characteristics and visual inspection 
in situ (Level 5). 


i 

1-V characteristics and visual inspection 
in situ (Level 1). 


Samples to oxyqen-free atmosphere and 
inspection under magnificattcn. 

» 


|l5 thermal cycles - 175®C to +55 °C. 

[Ex situ I-V characteristics (Level 1). | 

j ^ 

* 

I-V characteristics and visual inspection 
in situ (Level 2). 


Photograph each sample for documentation 
in situ. 



1 

Second UV expcsure increment of 3000 ESH 


Photograph each samole for documentation 

in vacuum. 


ex situ. 




I-V characteristics and visual inspection 
in situ (Level 3). 


Prepare samples for shipment to NA$A-Lewis. 


During the first UV exposure test the test chamber developed a vacuum 
leak when a ceramic electrical Feed-through cracked suddenly during the first 
set of thermal cycles. The failure caused an instant up to air condition in the 
chamber and an electrical short of the sample plate heater leads. The feed- 
through was replaced and the chamber pumped out again. It was observed from 
this point on that some of the samples had hazy reaions on them including the 
control cells. When the samples were removed at the end of the test it was 
found, for example, that much of the haziness coulu be wiped off of the NASA- 
Lewis module. Also the bare control cells had signs of defraction patterns. 

These are indications of contamination. The contamination was probably pump 
oil from extra pump downs and other unknown compounds created when the feed- 
through cracked and shorted out. The contamination appeared to be uneven 
in coverage over the entire sample plate so that the contamination portion 
of the transmission lost could not be factored out. 

It must be remen^ered that the contamination was only present during 
the first UV exposure test which included A Series, C Series, D Series, P Series, 
and the 3 X 3 module made by NASA-Lewis. The second UV exposure test, which 
included E Series, DN Series, GE cells, ESB cells and the JPL 3 x 3 module, was 
contamination free. 
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6.0 ANALYSIS OF RESULTS 


The testing program included eight types of encapsulants or 
cover materials applied to solar cells In various ways and two 3 cell x 
3 cell modules. The solar cells not only served as a test vehicle to 
measure the changes In the light transmission properties of the materials, 
they were also a part of the total physical system made up of the encapsu* 
lant or cover material, the adhesive and the cell to evaluate the physical 
properties of the materials In space environments. 

The results of the program are In two parts, the visual Inspections 
of the cells and the electrical measurements of the cells. The visual 
Inspections describe the outside physical properties of the samples. 

The electrical measurements indicate the electrical properties of the 
cell and Integrates the visual damage into the values of 

SC oc max 

and F.F. In the case of the electrical measurements the cell changes 
must be separated from the cover changes In order to assess the cover 
materials' transmission loss. Therefore, the possible causes of solar 
cell output changes will be discussed. 

The 1.0 MeV electrons penetrated through the covers and the 
cells causing displacement damage In the silicon cells and Ionization 
and/or displacement damage In the cover materials. The 0.5 MeV protons 
did not penetrate through the cover materials but caused heavy ioniza- 
tion and displacement damage in the covers, primarily near the front 
surface. The UV radiation was absorbed by some cover materials and 
transmitted into the cell by others. Generally, for unirradiated 
cells, UV radiation is not damaging; however, for irradiated cells UV 
light may enhance vacancy migration and interaction with impurities 
in the cell to alter cell characteristics. Therefore, unirradiated 
cells were used in the UV tests so that significant changes are not 
expected. Thermal cycling may cause changes In the cell output also. 
Generally for the temperature range of -170°C to +55°C the major 
effects of thermal cycling will be mechanical but these mechanical changes 
may be manifested electrically by contact resistance changes in the cell 
or transmission loss due to delamination at interfaces. 
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In order to separate effects of encapsulant degradation and 
cell degradation It Is first I pful to consider the nature of the 
effects of degradation In the various regions of the cell cover system 
on electrical output of the cell. Cover degradation Mould normally 
result only In a loss of light transmission Into the cell and Mould 
result simply In a lateral shift of the I-V curve to a loMer short 
circuit current. value. The fill factor. I.e.. series or shunt 
resistance. Mould not be expected to change due to darkening of the 
cover material. Normally incident 1.0 NeV electron damage will cause 
changes In both the and open circuit voltage. values of the 
cell due to uniform minority carrier lifetime degradation throughout 
the cell. Usually, the fill factor Is not significantly affected. For 
proton damage, the damage. If any, will be in localized regions of the 
cell. I.e., exposed regions at the periphery of the cover and the 
effects on overall cell output will be primarily a shunting effect on 
the remainder ot the cell. Thus the fill factor would be seriously 
degraded in the form of a "softened" knee on the I-V curve. For thermal 
cycling one would normally expect changes in series resistance due to 
contact stresses or loss of 1^^ due to cransmisslon losses at delaminated 
Interfaces; thus. In the former case the fill factor would be changed 
in the form of i?:creased loss of output voltage with increasing output 
current, 

6.1 DATA FORMAT 

The data is of two basic types, visual and electrical (I-V 
meanurements) . The visual data were recorded at the same time the I-V 
measurements were made. The visual data are in the form of written 
observations and ohotographs. The photographs were taken only at the 
beginning and at the end of testing (post-test). There are both in situ 
and ex situ end of test photographs. All the photographs are part of 
the Data Report. Selected photographs are used in this report to 
illustrate the damage to the samples where necessary. 

The I-V measurements are in the form of I-V curves which describe 
the sample performance over an I-V range from short-circuit current to 
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open-circuit voltage. Due tn the large number of I-V measurements Involved* 
a mini -computer Mas used to collect, store and reduce the measurements. The 
Data Report contains the computer-plotted I-V curves (see Figure 35 for an 
example). Each I-V curve also has plotted with It the P-V curve and a listing 
of short-circuit current (j^), open-circuit voltage maximum power 

(Pmax) factor (F.F). Each page contains more than one curve to aid 

1i> analysis and to reduce the number of pages. The level numbers refer to the 
fluence and number of thermal cycles received. There are I-V curves for both 
the ex situ and In situ measurements. Tables 3, 5 and 7 should be used to 
translate the level number to test conditions for electrons, protons and 
UV, respectively. 

The I-V measurement data were reduced In several ways. Tables were 

created of the four cell parameters (1.,, V_, P„„, F.F.) and their normalized 

SC oc nraX 

values for each level of each test (see Table 9 for an example). Sunmary tables 
were created which then listed the average normalized value of the four cell 
parameters for each level (see Table 10 for an example). The average normal- 
ized value of the four cell parameters was plotted versus the fluence for 
electrons and protons and the exposure for UV. The range of the normalized 
values Is also shown on these plots. Figure 36 Is an example of the plots. 

The level nwnber Is written beside each point. The X refers to measurements 
made after an irradiation and 0 refers to measurements made after thermal 
cycles. The range of the normalized data Is also plotted. The bars with 
horizontal lines | refer to the range of measurements made after an irradia- 
tion and bars with wavey lines ^ refer to the range of measurements made after 
thermal cycles. The f indicates the ex situ post-test value. The ex-situ 
data for the test samples in the electron and proton tests were taken in the 
ex situ measurement facility. For post-test measurements the samples were 
removed from the irradiation sample plate and measured one by one in the ex 
situ measurement facility. Some samples were difficult to remove from the 
irradiation plate without coming apart or further damaging. Therefore, the 
ex situ post-test data sometimes varies from the in situ data. Under these 
circumstances it is felt that the in situ data is of greater value in this study. 

The results are grouped by sample type. The three environments are 
discussed for a sample type before moving to another sample type. The visual 
observations are summarized in Tables 11, 12 and 13 for the elect'^n, proton 
and UV test, respectively. Included with each sample type and environment are 
the summary plots of normalized test parameters versus fluence and summary tables 
of normalized and averaged normalized test pararroters. 
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CURRENT CMA> 


S/N > 

382 

LEVEL . 

e 

1 

TEMP. 

2S C 

ISCCMA> . 

152.8 

187.7 

AREA. 

4 CM^2 

VOC<HV> 1 

508.8 

464.4 

INT. . 

1»AM8 

PMAXCMW> t 

78.6 

37.5 



F.F. 

8.772 

8.758 



A SERIES ELECTRON IRRADIATION EX-SITU 

FIGURE 35. EXAMPLE OF COMPUTER- PLOTTED I-V CURVES 
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POWER CMW> 




TABLE 9. TABULATED TEST PARAMETERS AND THEIR NORMALIZED VALUES 


fl SERIES ELECTRON IRRRDIftTION IN-SITU 
TEMP. <C>; 25 RRER; 4 INTENSITV l*flMO 


Serial 

L_eNye 1 

Isc 

I s c 

Voc 

Voc/ 

Pmx 

Pmx/ 

F vU 

F. F. / 

Number 

Number 

CrnFO 

Ii?CO 

<niV> 

Voco 

CmW) 

Prn: ::o 

Fcic 

F. F. o 

S01 

0 

123. 5 

1. 000 

591. 6 

1. 000 

59. 30 

1. 000 

0. 774 

1. 000 

202 

0 

128. 9 

1. 000 

601. ;< 

1. 000 

59. 78 

i. 000 

0. 771 

1. 000 

30S 

0 

128. 0 

1. 000 

606. 2 

1. 000 

59. 92 

1. 000 

0, 772 

1. 000 

204 

0 

12S. 6 

1. 000 

610. 5 

1. 000 

59. 68 

1. 000 

0. 760 

1. 000 

205 

0 

123. 3 

1. 000 

604. 7 

1. 000 

59. 48 

1. 000 

0. 757 

1. 000 

201 

1 

111. 2 

0. 859 

521. 5 

0. 882 

44. 40 

0. 749 

0. 765 

0. 989 

202 

1 

110. 4 

0, 856 

520. Iv 

£i. 86»5 

44. 18 

0. 739 

0. 769 

0. 998 

202 

1 

110. 6 

0. 864 

520. 9 

0. 859 

44. 19 

0. 738 

0. »‘‘6i*‘ 

0. 994 

204 

1 

111. 1 

0. 864 

520. 9 

0. 852; 

44. 13 

0. 739 

0. 763 

1. 003 

205 

1 

111. 5 

0. 858 

521. 5 

0. 862 

44. 11 

0. 742 

0. 759 

1. 002 

201 


107. 1 

0. 827 

510. 2 

0, 862 

41. 63 

0. 702 

0. 762 

0, 9S5 

202 

i:-* 

105. 7 

0. 820 

50S. 7 

0. 846 

41. 14 

0. 688 

0. 766 

0. 993 

2s02 


106, 6 

0. 322 

509. 7 

0. 841 

41. 84 

0. 698 

0, V7G-' 

0. 998 

204 

2 

106. 4 

0. 828 

510. 2 

0. 836 

41. 05 

0. 698 

0. 756 

0. 394 

205 

2 

107. 6 

0. 828 

510. 3 

0. 844 

41. 34 

0. 695 

0 753 

0. 994 

201 

“ 

102. 9 

0. 794 

512. 2 

0. 866 

40. 15 

0 677 

0. 762 

0. 984 

202 


106. 3 

0. 824 

509 9 

0. 848 

41. 75 

0 698 

0 770 

0. 999 

202 


107. 1 

0. S26 

511. 2 

0. 84 .i 

41. 91 

0. 700 

0. 766 

0. 992 

204 


106. 8 

0 830 

512. 3: 

0. 839 

41. 24 

0. 691 

0. 754 

0. 992 

205 

- 

107. 8 

0. 830 

512. 3 

0. 34? 

42. 05 

0 707 

0. 762 

1. 006 

201 

4 

90. 4 

0. 693 

482. 9 

0. 318 

33. 11 

0. 558 

0. 757 

0. 973 

202 

4 

93. 5 

0. 725 

482. 3 

0. 804 

34. 29 

0. 574 

0, 759 

0. 984 

202 

4 

93. 1 

0. 727 

483. 2 

0. 797 

34. 01 

0. 568 

0. 756 

0. 979 

204 

4 

95. 6 

0. 744 

484. 8 

0- 794 

34. 69 

0. 581 

0 748 

0. 984 

205 

4 

95. 2 

ki 733 

484. 2 

0. 801 

34. 33 

0 577 

0. 744 

0. 9S3 

Ml 

5 

90. 

0. 701 

482 3 

0. 816 

3 >> . cl d 

0. 560 

0. 758 

0. 980 

202 

C" 

92. 7 

0 727 

483. 1 

0. 803 

34. 66 

0. 580 

y. 766 

0. 993 

202 

1- 

9 4 0 

0. 734 

482. 6 

0. 796 

34. 58 

y. _'r i- 

0. 762 

0. 988 

204 

cr 

95. 4 

0. 742 

484. 2 

0. 793 

35. 15 

0 589 

0. 761 

1. 001 

205 

5 

93. 2 

0. 734 

482. 2 

0. 797 

34. 43 

0. 579 

0. 749 

0. 989 

201 

6 

84 1 

0. 649 

4 6 6" 5 

0. i' 88 

29. 47 

0. 497 

0. 751 

0 971 

202 

6 

87. 1 

0, 676 

466 7 

0. 776 

30. 73 

0. 514 

0. 756 

0. 980 

202 

t' 

O t' 1 ' 

0. 685 

466. 5 

0 770 

20. 74 

0. 513 

0. 752 

0. 974 

204 


89 4 

ri f / 

47ti. 4 

0. 771 

31. 61 

0. 530 

0. 752 

0. 983 

203 

£, 

89. 9 

0. 692 

466. 6 

0. 772 

31. 36 

0 527 

0 747 

0. 987 

201 

i' 

34. 5 

0. 65' 2 

464. 2 

0. 735 

29. 67 

0. 500 

0. 756 

0. 977 

202 

y 

37. 4 

U 6 78 

464. 2 

0. i‘ 1 2 

30. 34 

0. 503 

0 743 

0. 970 

202 

r 

87. 9 

0. 687 

4^.4. 6 

0. 766 

31. 01 

0. 518 

0 759 

0. 982 

204 

1 

90. 4 

0. 703 

465. 1 

0. 762 

31. 56 

0. 529 

0 751 

0. 987 

205 

I 

90. 0 

0. 693 

465. 1 

0. 769 

31. 54 

0. 530 

0 754 

0. 995 
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NORMALIZED Voe 


TABLE 10. AVERAGE NORMALIZED CELL PARAMETERS 

R SERIES ELECTRON IRRFiDIlriTION IN-SITU 



TEMP. <C> : 

25 flREft ; 4 

INTENSITV l=+=flM0 


Level 

fiVERRGE 

fiVERFlGE 

flVERlFiGE 

RVERflQE 

Number 

I s c / 1 s c o 

Voc/Voco 

Pmx/Pmxo 

F. F. /F, F, 

Q 

i. 000 

1 . 000 

1. 000 

1. 000 

1 

0. St»0 

0. 864 

0. 742 

0. 998 

2 

0. 82? 

0. 846 

0. 694 

0. 993 


0. S2-1' 

0. 849 

0, 695 

0. 996 

4 

0. 1*' 25 

0. 803 

0. 572 

0. 983 

E." 

0. 727 

0. 801 

0. 576 

0. 989 

6 

0. 687 

0. 772 

0. 521 

0. 982 

1 

0. 6y!i- 

0. 771 

0, 518 

0. 984 



i4® .4“ 

FLUENCE CE/CM^25 


FIGURE 36. EXAMPLE OF SUMMARY PLOT 
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TABLE n. SUMMARY OF ELECTRON IRRADIATION - VISUAL INSPECTION 



TOTAL 

FLULNCE 

TOTAL 



XtlCf 








THERMAL 

CYCLES 

A 

C 

B 

B 

1 b|^^|||||||^^ 

P 

ESB 

6E CELL 

7070 <LA$S 


0 

■ 


" 

mm 

" 


mm 

1 cell has 

cracked 

comer 

bubbles in 
encapsulant 



5 X lo’* 


NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


1 * lo’® 

0 

NC 

1 cracked 

4 NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

H 

1 X 10’® 

IS 

1 cracked 

cover 
4 NC 

NC 

NC 

NC 

1 cracked 

cover 

4 NC 

1 cracked 
cover 

4 NC 

NC 

3 cracked 
covers 
2 NC 

NC 

H 

5 X 1o’® 

15 

2 cracked 
covers 

3 NC 

NC 

NC 

NC 

NC 

1 cracked 
cell 
/ NC 

NC 

NC 

NC 

s 

S X 1o’® 

30 

NC 

all covers 

blistered 

and 

cracked 

NC 

NC 

NC 

4 cells 
cracked 

NC 

4 cracked 
covers 
1 NC 

NC 

■ 

I X lo’* 

30 

NC 

NC 

NC 

NC 

3 cracked 
covers 
2 NC 

NC 

NC 

NC 

NC 

n 

1 X 10>« 

45 

NC 

More blist- 
ering and 
cracking 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


1 X 10'« 

45 

2 cracked 
covers 
2 covers 
debonded 
1 NC 

covers 

blistered 

and 

cracked 

NC 


5 cracked 
covers 

curling 

i 

1 4 cells 
cracked 
1 ok 

4 cells 
cracked 
1 ok 

cells and 
covers cracked 
and brittle 

i 

NC 


fIC • m clMn9* 
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TABLE 12. SUMMARY OF PROTON IRRADIATION - VISUAL INSPECTION 



TOTAl 

fLUtUCE 

TOTAL 

SERIES 




UVtL 


THERHAL 

CYCLES 

A 

C 

0 

E 

ON 

P 

ESB 

GE CELL 

7070 GLASS 

0 

0 

0 

-- 

2 cells 
with atr 
bubb 1 e 


•' - 

* ■ 


" » 

“ “ 

•• 

■ 

3 . 10« 

0 

NC 

NC 

3 cracks 
in 93-500 

NC 

NC 

NC 

NC 

2 blistered 
2 curled 

NC 

1 

3 » 10’^ 

IS 

NG 

no bubble 

covers 

hazy 

93-500 
cricked 
all cells 

inany cracks 
in cover 

NC 

3 cracked 
cells 
2 NC 

1 cracked 
cover a 

cell 
4 NC 

wore blister- 
ing, curling 

curled 


3.3 . . 

15 

NC 

NC 

yellowish 

appearance 

yellowish 

appearance 

NC 

NC 

NC 

badly blistered 

curled 

■ 

3.3 X lo'* 

30 

3 covers 
cracked 

all 

covers 

hazy 

yclloidth 

appearance, 

cracked 

cover 

yellowish 

appearance, 

cracked 

cover 

NC 

4 cracked 
cells 
1 MC 

3 cells 
curling 

badly blistered 
a peeled 

NC 

Ex 

situ 

visual 

3.3 X 30'* 

30 

3 covers 
cracked 
? ok 

FEP-A 
is hazy 
1 cell 
cracked 

yellowish 
appearance 1 
cracked 
cover 

yellowish 

appeartnee, 

cracked 

cover 

NC 

all cells 
cracked 

1 cracked 
cover a 
cell, SOM 
curlinq 

badly blistered 
a peeled 

curled badly 


NC - w dtMft 
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TABLE 13. SUrfWRY OF UV EXPOSURE - VISUAL INSPECTION 



TOTAl UV 
riPOsuAC 
(tSH) 


StWES 




LtVtL 


IBIIIIIIII 

D 

E 

ON 

? 

ES6 

GE CELL 

NODULES 

0 

0 

0 

— 


-1 

.. 

- 

1 partial 

- 

- 

- 

1 

1000 

0 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

«1 • NC 
#2 - NC 

2 

1000 

15 

NC 

NC 

NC 

NC 

NC 

4 cracked 
cells 
1 NC 

NC 

NC 

#1 hazy near 
center 
«2 NC 

■ 

4000 

IS 

hazy 

appearance 

little 

irrinkling 

NC 

yellowish 

appearance 

NC 

hazy 

appearance 

NC 

4 hairline 
cracks 
1 NC 

#] NC 

iZ NC 

■ 

4000 

30 

1 

NC 

NC 

NC 

Nu 

NC 

NC 

NC 

NC 

11 NC 
«2 NC 

S 

8760 

i 

NC 

4 cells 
hazy 

NC 

NC 

NC 

very 

hazy 

NC 

NC 

#1 NC 

#2 NC 

6 

8760 

> 4S 

1 

NC 

NC 

HC 

NC 

1 NC 

t 

NC 

1 NC 

NC 

fl NC 
#2 NC 

Ca 

situ 

8760 

45 

little 

hazy 

little 
curl ing 

1 NC 

yellowish 

appearance 

1 NC 

1 4 cracked 
cells 
1 1 NC 

NC 

hairline 
cracks 6 
curling 

#1 1/3 of 
area hazy 

i? NC 


NC * CIIM9C 














6.2 


CONTROL CELLS 

The control cells used In this program were Spectrolab 8-10 mil 
10 R-cm cells. They were supplied with 6-m11 removeable quartz covers. 

The control cells were used to check the amount of damage received with 
what was expected from past exper ience. Figures 37 and 38 are plots 
of normalized and viirsus fluence for the electron test. Also 
plotted on the same plots are the solar cell radiation handbook (JPL 
Publication 77-56) values for 1 MeV electrons or a 8-m11 10 ci-an 
conventional cell. The handbook data agrees well with the test data 
and verifies that the electron Irradiation fluences did not produce any 
anomalous results. Tables 14A and 148 list the normalized parameters 
and the average normalized parameters. 

In the proton test, the control cells were again covered with 
the 6-m1l quartz cover. The tabulated data Tables ISA and 15B and 
summary plots Figures 39, 40, 41 and 42 show, as expected, there was 
no damage to the cell due to the thick cover stopping th? protons. 

There were two uncovered, uncoated control cells in each of 
the two UV exposure runs. The purpose of the cells were to check for 
contamination. The two cells in the first UV exposure (101, 102) showed signs 
of contamination when they were removed from the chamber. The contamination 
appeared to have acted as a poor AR coating causing an increase in I . (See 
Section 5.3 for further details.) The cells in the second UV exposure showed 
no sign of contamination. 
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TftBLE 14fl. TfleULflTED CONTROL CELLS DATA - ELECTRON IRRADIATION 

CONTROL CELLS EX-SI TU 



TEMP <C> 

. 25 flREfi. 4. 

INTENSITV AMO 


Level 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Number 

Isc/Isco 

Voc/Voco 

Pmx/Pmxo 

F. F, /F. F, 

0 

1. oeo 

1. eeo 

1. 000 

1. 000 

i 

0. 776 

0. 852 

0. 635 

0. 961 


CONTROL CELLS EX-SI TU 



TEMP. 

(;c;> ; 25 

AREA 

: 4 

INTENSIT 

V AM0 



ber ia 1 

Le-vel Isc 

Isc/ 

Voc 

Voc / 

Pmx 

Pn-.x/ 

Pill 

F. F /• 

Number 

Number <mA> 

Isco 

<mV> 

Voco 

•s mW > 

Pmxo 

Fac. 

F. F. o 

105 

0 149, 1 

1. 000 

550. 5 

1, 000 

64. 18 

1. 000 

0. 782 

1. 000 

106 

0 152. 0 

1. 000 

546 9 

1. 000 

64 06 

1. 000 

0. ??1 

1. 000 

165 

1 114, 6 

0. 769 

468. 0 

0. 850 

40. 36 

0. 629 

0. 752 

0. 962 

106 

1 119. 0 

0. 7S3 

466. 4 

0. 853 

41. 11 

0. 642 

0. 741 

0. 961 
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OF POOR QUALfPr 

TABLE 14B. TABULATED CONTROL CELLS DATA - ELECTRON IRRf%>IATION 

CONTROL Ctui_S ELECTRON IRRADIATION IN- SITU 
TEMP -:r> 25 AREA: 4 INTENSITV 1+AMO 


I.**?!" l u. 1 

> 

V 

j 

Isc 

Is 

C / 

Voc 

Voc.' 

Pmx 


Ft 

1 1 

r 

F. / 

Number 

Number 

* mH .* 

Is 

c o 

<mV> 

Voco 

<mW> 

Pmxo 

Fa 


F 

F o 

i>iS 

0 

il6 6 

1 

000 

522. 6 

1 060 

48 36 

1 

0061 

0 

1 1 1* 

1. 

000 


0 

1.0 9 

1. 

0001 

500- 0 

1 000 

45 29 

i- 

Ulni 

Vi 

751 

1 

0€10 


1 

10? 1 

0. 

3l9 

506 1 

0 949 

41. 72 

0 

863 

0 

?7U 

0 

390 

MC 

1 

ll?. !’■ 

0. 

341 

474 

0. 949 

40 25 

0 

yu r‘ 

0 

74l- 

0 

994 


p 

104. 2 

U. 

834 

495 0 

0 9ri8 

29 81 

0 


61 

T T a. 

0 

932 

■-06 


110. 5 

U. 

304 

464 7 

0 929 

28. 03 

0 

849 

0 

» ■ -* l:‘ 

V 

99o 

i.v;;S 


102 0 

0 

882 

503 2 

8. 952 

40. 50 

0. 

o_ ^ 

ri 

! ■ -r 

vli. 

335 

106 


lu? 5 

0 

38 3 

492 9 

0. 286 

40 4? 

0 

891 

VI. 

7 L,« V 

1 

017 

105 

4 

91, 2 

0. 

T’ Oc- 

480 5 

0. 300 

4»' 


632 

0. 

76 s: 

0. 

982 

I0b 

*4- 

*3 T 2 

0 

804 

462 9 

0. 328 

22. 89 

r;. 

?4 7 


7'.i2 

1 

‘-'0.1 


C“ 

91. 5 

0. 

*■ b^..^ 

481 1 

0. 302 

24 04 

0 

?04 

0 

1 • . 

9. 

OQvr 

i. ; ■}■• 

n.* 

36. 2 

0. 

?36 

468. 6 

0. 92? 

2- 12 

0 

?t*c* 

vj 

♦’ * { 

1 . 

•:12- . 

J t'l! ^ 

r-» 

82. 1 

0. 

712 

464. 4 

0. 870 

23. 67 

0 

t*12 

0 

»* *«■ * 

L-; 

9‘30 

106 

6* 

34. 3 

0, 

■' •. ••CT 

1 O-..* 

452 9 

£i 906 

2:: 0? 

0 

706 

Vi 

?4b 

0 

322 

UtS 

i' 

88. 1 

0. 

756 

459 9 

£i. 860 

3v3. 46 

0. 

620 

0 

7 ^ 2 

0. 

969 

a.0t. 

( ■ 


0. 


455 2 

0. 311 

li.‘J 83 

0 

702 



IJ 

395 


CONTROL CELLS ELECTPOrj IRRADIATION IN-SITU 



TEMP <C>- 

S5 AREA: 4 

INTENSITY 1+AM0 


i. 

Nufiib-^r 

AVERAGE 
I £ •- . ■ I s f; o 

AVERAGE 
V oc 7 Voc o 

AVERAGE 

Rrn:^;/Pm:;:o 

RVERH! 
F F 


v;i 

1 000 

i 000 

1 00VZl 

J 00V i 

i 

0 920 

0. 943 

V;1 o75 

2i 93;:* 

2 

0. 9£i4 

0. 923 

ii 82:1 

0 931 

2 

0. 886 

0- 969 

0. 864 

1 

j. 

0. 792 

0. 914 

0 710 

0 932 

-V 

u. ;’3i 

vli. 92£i 

0. ?2S 

1. 002 


0. 749 

0- 8S8 

0. 660 

v3. 992 


0 766 

0. 886 

0. 666 

vH 982 
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NORHALZZED F.F. NORNALZZCD Phk 


l.t 



xi* .4* i4« 

FLUENCE <P/ar23 


FIGURE 41 . CONTROL CELL PROTON IRRADIATION IN-SITU 
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TftBLE 15ft. TftBULftTED CONTROL CELLS DftTfl - PROTON IRRftDIftTION 


CONTROL CELLS EX-SITU PROTON IRRftDIftTION 
TEMP <C>; 25 RREft; 4. INTENSITY RMO 


Le've 1 

ftVEftftGE 

RVERftGE 

fiS'ERRGE 

RVERftGE 

Nuhiber 

^ c/Isco 

Voc/Voco 

Pmx/Piftxo 

F F /F. F. o 

O 

1. 000 

1. 000 

1. 000 

1. 000 

1 

0. 992 

1. 000 

0. 954 

0 962 



CONTROL CELL 

PROTON IRF 

•RDIftTION IN-SITU 



TEMP. <C..' ; 25 

RREft; 4 

INTENSITY I’KftMe 


Lev€ L 

ftVERHGE 

RVERftGE 

RVERftGE 

RVERftGE 


I S C «■' I £- C O 

Voc/Voco 

Prox/Pmxo 

F F . F F 

0 

1. 000 

1 000 

1. 000 

1 00t1 

i 

0. 997 

£i. 996 

0. 987 

0. 994 

cl 

1 00S 

0. 999 

1. 000 

0. 993 


0. 997 

1. 000 

0 990 

0. 992 

4 

1 06S 

1. 002 

1. 002 

0 996 
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TRBLE 15B. TfiBULfiTED CONTROL CELLS DRTR - PROTON IRRRDIRTION 


CONTROL CELL PROTON IRRRDIRTION IN-SITU 
TEMP. <C>: 25 RRER: 4 INTENSITV 1+RM0 


h>€'r"' ia 1 

Level 

Isc 

I sc/ 

Voc 

Voc/ 

Pmx 

Pmx/ 

Fill 

F. F. / 

Number 

Nufi'iber 

<mR> 

Isco 

<mV> 

Voco 


Pmxo 

Fac. 

F. F. o 

10C 

0 

109. 

S 

1. 000 

556. 4 

1. 000 

48. 23 

1. 000 

0. 790 

1. 000 

109 

0 

105. 

6 

1. 000 

556. 9 

1. 000 

44. 66 

1. 000 

0. 759 

1. 000 

110 

0 

111. 

0 

1. 000 

554. 5 

1. 000 

48. 52 

1. 000 

0. 788 

1. 000 

108 

1 

109. 

5 

0, 997 

556. 2 

1. 000 

47. 99 

0. 995 

0. 788 

0. 998 

109 

1 

105. 

5 

0. 999 

552. 4 

0. 992 

44. 17 

0. 989 

0. 758 

0. 998 

110 

1 

110. 

4 

0. 994 

553. 1 

0. 998 

47. 37 

0. 976 

0. 776 

0. 985 

108 

•-> 

109. 

7 

1. 000 

558. 9 

1. 004 

47. 98 

0, 995 

0. 782 

0. 991 

109 ■* 


108. 

6 

1. 02S 

552. 4 

0. 992 

45. 68 

1. 023 

0. 762 

1. 003 

110 

2 

110. 

6 

0. 996 

555. 3 

1. 001 

47. 67 

0. 982 

0. 776 

0. 985 

108 

3 

109. 

_> 

0 996 

557. 1 

1. 001 

48. 12 

0. 998 

0 790 

1. 001 

109* 


69 

6 

0. 659 

5*<1. 4 

0. 972 

24. 00 

0. 537 

0. 637 

0 838 

110 

— w 

110. 

9 

0. 999 

554. 4 

1. 000 

47. 67 

0. 983 

0. 776 

0. 984 

108 

4 

110. 

6 

1. 007 

559. 2 

1. 005 

48. 26 

1. 001 

0. 780 

0 988 

109* 

4 

70. 

0 

0. 662 

541. 0 

0. 972 

23. 99 

0 537 

0. 634 

0. 834 

110 

4 

110. 

9 

0. 999 

555. 3 

1. 001 

48. 70 

1. 004 

0. 791 

1. 003 


♦^NOT INCLUDED IN flVERRGE 
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FIGURE 45. CONTROL CELLS UV 



EXPOSURE 

FIGURE 40. CONTROL CELLS UV 




TABLE IBA. TABULATED CONTROL CELLS DATA - UV IRRADIATION^ 


ueve-l 

Number 


CONTROL CELLS UV IRRADIATION EK-SITU 
TEMP. <C>. 25 AREA; 4. INTENSITV i*AMO 

AVERAGE AVERAGE AVERAGE 

Isc/Isco Voc/Voco •Pfrt;«:0 


AVERAGE 
F. F /F. F. o 


i 000 i OA0 1 000 

1 , 042 1 043 0- 9S1 


1 000 
0 887 


CONTROL CELLS UV IRRADIATION IN SITU 



TEMP. <C.> 

25 AREA; 4. 

INTENSITY 1*AM0 



L*f’»ye 1 

AS'ERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

fkuitber 

I s c / 1 s c o 

Voc/Voco 

Pm.x.-'Pm.xo 

F. F 

/F. F 


i. 000 

1. 000 

1 000 

1 

000 

i 

X. 065 

1 002 

1. 068 

0. 

556 

•i! 

1. 101 

1. 003 

1. 098 

0 

554 

-i- 

1. 055 

1. 003 

1. 055 

e 

993 

4 

1 100 

1. 005 

1 100 


995 

5 

1. 055 

1. 018 

1 106 


992 

€ 

1, 055 

1 018 

1. 113 

0. 

998 


CONTROL CELLS UV IRRADIATION EX-SITU 
TEMP. <C>: 25 AREA; 4 INTENSITV 1*AM0 


Se r va 1 

Leve 1 

Is c 

Isc/ 

Voc 

Vc'C / 

Pm.x 

Pm.Hv' 

Fill 

F. F. / 

Number 

Number 

<m A> 

I s c c» 

<mV> 

Voc o 

<mW> 

Pmxo 

Foe. 

F. F. o 

101 

0 

95. 5 

1. 000 

546. 6 

1. 000 

39. 35 

1. 000 

0. 754 

1. 000 

102 

0 

55. 2 

1. 000 

545. 4 

1. 000 

37. 33 

1. 000 

0. 719 

1. 000 

103 

0 

55. 8 

1. 000 

559. 5 

1. 000 

40. 42: 

1 000 

0. 754 

1. 000 

104 

0 

0. 0 

0. 000 

0 0 

0. 000 

0. 00 

0. 000 

0. 000 

0. 000 

101 

1 

8 1 ' 

0. 515 

56 1'' . 3 

1. 039 

28. 8t> 

0 733 

0. 582 

0. 771 

102 


111 . 2 

1. 168 

571. 7 

1. 048 

45. 86 

1. 225 

0. 722 

1. 004 

103 * 

1 

41 . 4 

0 432 

560. 2 

1. 001 

14. 26 

0. 3;53 

0. 615 

0. 815 

104 

1 

57. 4 

0. 000 

557. 5 

0. 000 

40. 75 

0. 000 

0 751 

0. 000 


♦'NOT INCLUDED IN AVERAGE 
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TRBLC ICt. TMULATED CONTROL CELLS ORTR UV IRRROZRTION 


CONTROL CELLS UV IRRADIATION IN SITU 
TEMP. <C): 25 AREA: 4 INTENSITV i*RM0 


Ser ia 1 

Level 

Is c 

I •» c / 

Voc 

Voc / 

Pmx 

Pmx/ 

FUl 

F. 

F. / 

Number 

Number 

<mA> 

Isco 

<mV> 

Voco 

<mU> 

Pmxo 

Fac. 

F. 

F. 0 

101 

0 

94. 8 

1. 

000 

552. 4 

1. 

000 

29. 

70 

1. 

000 

Q. 

757 

1. 

000 

10 : 1 : 

0 

94 . 9 

1 

000 

551. 8 

1. 

000 

37. 

81 

1. 

000 

e. 

722 

1. 

000 

10 : 1 ; 

0 

95. 1 

1. 

000 

560. 0 

1. 

000 

40. 

01 

1. 

000 

0 . 

751 

1. 

000 

104 

0 

92 . 6 

1. 

000 

557. 6 

1. 

000 

29. 

10 

1. 

000 

0 . 

757 

1. 

000 

101 

1 

101. 2 

1. 

068 

554. 4 

1. 

002 

42. 

18 

1 . 

062 

0 . 

751 

0. 

993 

102 

1 

112 . 0 

1 

180 

556. 2 

1. 

008 

45. 

21 

1. 

198 

0 . 

727 

1. 

007 

101 

1 

98 0 

1. 

010 

560. 6 

1 

001 

40. 

27 

1. 

007 

0 . 

748 

0. 

996 

104 

1 

94. 2 

1. 

016 

557. 4 

1. 

000 

39. 

10 

1. 

000 

0- 

745 

0. 

984 

101 

2 

101 , 4 

1. 

069 

548. 6 

0. 

991 

26. 

06 

0 . 

908 

0. 

649 

0. 

857 

102 

2 

112. 6 

1. 

187 

554. 7 

1. 

005 

45. 

28 

1. 

197 

0. 

725 

1. 

004 

102# 

2 

62 . 5 

0. 

657 

562. 4 

1. 

004 

26. 

74 

0. 

668 

0. 

761 

1. 

012 

104 

2 

94. 1 

1. 

015 

558. 0 

1. 

001 

29. 

07 

0. 

999 

0. 

744 

0. 

983 

101 

3 

121. 6 

1. 

282 

555. 0 

1. 

003 

42. 

19 

1. 

063 

0. 

625 

0. 

827 

102 


lie . 7 

1. 

166 

553. 9 

1. 

004 

44. 

16 

1. 

168 

0. 

721 

0. 

998 

102# 

2 

28. 0 

0. 

400 

560. 2 

1. 

000 

12. 

03 

0. 

32c» 

0. 

612 

0. 

815 

104 

2 

95 . 5 

1. 

021 

558. 8 

1. 

002 

29. 

96 

1. 

022 

0. 

748 

0. 

989 

101 

4 

122 . 8 

1. 

295 

555. 0 

1. 

003 

28. 

79 

0. 

97? 

0. 

569 

0. 

752 

102 

4 

112. 0 

1. 

180 

556. 6 

1. 

009 

44. 

51 

1. 

177 

0. 

714 

0. 

989 

103# 

4 

27 . 6 

0. 

295 

561. 5 

1. 

003 

12. 

06 

0. 

326 

0. 

619 

0 . 

824 

104 

4 

94 . 4 

1. 

019 

558. 8 

1. 

002 

39. 

98 

1. 

022 

0 

758 

1. 

001 

101 

5 

108 5 

1. 

144 

566. 0 

1. 

023 

ss. 

47 

0. 

843 

0. 

545 

0. 

720 

102 

5 

10 s . 8 

1. 

157 

571. 0 

1. 

025 

44. 

»-• 

Ocl 

1. 

185 

0. 

715 

0. 

990 

103# 

5 

37 . 9 

0. 

399 

561. 2 

1. 

002 

13. 

26 

0. 

332 

0. 

623 

0. 

829 

104 

5 

95. 6 

1. 

032 

558. 5 

1. 

002 

40. 

18 

1. 

028 

0. 

752 

0. 

994 

101 

6 

3c . 8 

0. 

915 

566. 1 

1. 

023 

28. 

75 

0. 

724 

0. 

535 

0. 

774 

102 

6 

109 . 7 

1. 

156 

570. 1 

1. 

033 

45. 

08 

1. 

192 

0. 

721 

0. 

998 

103 # 

6 

41. 1 

0. 

4 

561. 1 

1. 

002 

14. 

06 

0. 

352 

0. 

610 

0. 

812 

104 

S 

95. 7 

1. 

023 

559. 2 

1. 

003 

40. 

43 

1. 

034 

0. 

755 

0. 

998 


♦NOT INCLUDED IN AVERAGE 
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6.3 MONITOR CELLS 

The monitor cells were used to adjust the AMO intensity inside 
the test chambers. Two cells were mounted on a moveable shaft so that 
they could be moved out of the radiation beam. They were used before 
each measurement to set the X-25L AMO intensity. Figures 47, 48 
and 49 are plots of the versus fluence for the electron, proton and 
UV tests. They show that the repeatability of the intensity was very 
good. 
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FIGURE 47. MONITOR CELLS ELECTRON IRRADIATION IN-SlTU 
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6.4 A SERIES CELLS 

(OCLI 8-mn 10 n-cm BSF/R celli 4-mil 0211 cerla doped cover, 

0.5 mil 93-500 adhesive.) 

6.4.1 Electron Irradiation 

The electrical parameters are plotted in Figures 50, 51, 52 and 
53. For comparison, the JPL Handbook values are also plotted for an 
8-mil 10 0-cm BSF cell without cover. Figure 50 shows, relative to the 

bare cell, that the encapsulated cell had 3-4% greater loss in Ice at 
5 X 10^^ and 1 x 10^^ and S% to 6% greater loss in L- at 5 x ID'S 
and 1 X 10 e/cm . The data agrees with the handbook data for 
bare cells. The additional loss in 1^^ can be explained by the darken- 
ing of the 0211 micro sheet. Figure 54 shows the I-./I-rn versus 
fluence for 0211 microsheet and shows the loss at 1 x lO^® e/ertr is 
4% and the loss at 1 x 10^® e/cm^ is 5%. Thus, the method of additive 
cover and cell degradation is demonstrated in this sample whose response 
has been well established. Tables 17A and 178 contain the tabulated 
data. Figure 55 is a typical pre- and post-ex situ I-V curve. The 
temperature during the irradiation ranged from 52“C to 56°C. Visually 
therj was some cracking of the covers during thermal cycling and an 
indication that two covers were starting to debond by the end of the 
test. 
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0.8 


0.0 


0.7 


0.0 

i4^ i4® i4® 

FLUENCe <E/CK''2> 

FIGURE 50. A SERIES ELECTRON IRRADIATION IN-8ITU 






NORMALIZED F.P. NORMALIZED Pmk 



WIDE BAND” TRANSMIHANCE 


1.0 


0211 Micro Shoet A. R. Coating 
B1« Filter 6-ffill Thick 

Takm JPL Handbook 77-56 



1 I 1 L U 

| 0 » ,o'< lo'* >0 ' 

FLUEHCE (e/OB^) 

Figure S4. 0211 Micro Sheet Transmittance Versus 1 NeV Electron Fluence 
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TfiBLE 17fl. TRBULftTED fl SERIES DfITfi - ELECTRON IRRADIATION 


A SERIES ELECTRON IRRADIATION E.X-SITU 
TEMP. <C>: 25 AREA; 4. INTENSITY 1*AM0 


Level 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Nurnt>er 

I s c / 1 s c o 

Voc /Voc o 

Pffix/Pm.xo 

F. F. /F. F. o 

0 

1. 000 

1. 000 

1. 000 

1. 000 

1 

0. 702 

0. 778 

0. 520 

0. 969 


H SERIES ELECTRON IRRADIATION ir- 4 -SlTU 
TEMP. CC;*. 25 AREA: 4, INTENSITY 1 ANO 


Leve 1 

AVERAGE 

mVEiRFIGIE 

hverhge 

AVERAGE 

Nu tiibfe P 

I sc /I SCO 

Vor/Voco 

Pritx/Pruxo 

F. F. 

/F. F 

0 

i. 000 

1. V100 

1. 000 

1. 

000 

i 


0. o8*4 

0. 742 

0 

398 

cL 

tt. 827 

0. 8*46 

01. 684 

01. 

3'3Z^ 


U 828 

0. 848 

0 635 

0. 

336 

4 

.''28 

0 802 

v3. 572 

0. 

382 

w; 

y: 727 

0. 801 

0. 5 '7 6 

0 

389 

P 

vV 8'd t" 

0, i »' c2 

0. 521 

0. 

382 

t 

8 6B3 

0. 771 

0. 518 

0. 

384 


A SERIES ELECTRON 
TEMP. <C> : 25 AREA 

Serval Level I sc I sc/ Voc 

NiAfitber Numbe r"- <tfiA .' I see CmV.:' 

301 0 152. 6 1. 000 586. 2 

302 0 152. 9 1. 000 598. 8 

302 0 154. 2 1. 000 602. 2 

304 0 154. 9 1. 000 605. 2 

305 0 154. 6 1. 000 599. 4 

301 1 110. 1 0. 717 466. 0 

302 1 107. 7 0. 705 464. 4 

302: 1 106. 2 0. 6£!8 466. 0 

304 1 108. 8 0. 702 466. 4 

305 1 107. 9 0. 698 465. 9 


IRRADIATION EK-SITU 
4 INTENSITY i+AM0 


Voc/ 

Pmx 

Pm:;</ 

Fvl 1 

F. F. / 

Voco 

< rnW > 

F'mxo 

Fac. 

F. F. o 

1. 000 

70. 01 

1. £100 

0. 778 

1. 000 

1. 000 

■' 0. 6^ 

1. 000 

0. 772 

1. 000 

1. 000 

71. 81 

1. 000 

0. 1’* 2 

1. 000 

1. 000 

71. 92 

1. 000 

0. 767 

1. 000 

1. 000 

7Q. 28 

1. 000 

0. 759 

1. 000 

0. 795 

37. 8 1 "' 

0. 541 

0. 728 

0. 950 

0. 776 

27. 54 

0. 521 

0. 750 

0. 972 

0. 7/2 

3 1*' . 26 

0. 519 

0. 752 

0. 976 

0. 771 

27. 65 

0. 5/j;- 

0. 742 

0. 967 

0. 77^ 

27 51 

0. 522 

0. 746 

0. 982 
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TABLE 17B. TABULATED A SERIES DATA - ELEaROH IRRADIATION 


ft SERIES ELECTRON IRRADIATION IN-SITU 
TEMP. <C>: 25 AREA; 4 INTENSITY 1*AM0 


Se-rval 

Level 

Isc 

Isc/ 

Voc 

Voc/ 

Pmx 

Pmx/ 

Fill 

F. F. / 

Nurober 

Number 

<mA.'> 

Isco 

<mV> 

Voco 

<mM> 

Pmxo 

Far 

F F. o 

SOI 

0 

129. 5 

1. 000 

591. 6 

1. 000 

59. S0 

1. 000 

0. 

774 

1. 000 

S02 

0 

123. 9 

1. 000 

601. S 

1. 000 

59. 78 

1. 000 

0. 

771 

1. 000 

SOS 

0 

128. 0 

1. 000 

606. 2 

1 000 

59. 92 

1. 000 

0. 

772 

1. 000 


0 

123. 6 

1. 000 

610. 5 

1. 000 

59 68 

1. 000 

e 

760 

1. 000 

S05 

0 

129. 9 

1. 000 

604. 7 

1. 080 

59. 48 

:1. 000 

0. 

757 

1. 000 

sot 

1 

111. 2 

0. 859 

521. 5 

0. 882 

44. 40 

0. 749 

0. 

765 

0. 989 

S02 

1 

110. 4 

0. 856 

520. 3 

0. 365 

44. 18 

0. 7S9 

0 

769 

0. 998 

SOS 

1 

110. 6 

0. 864 

520. 9 

0. 859 

44. 19 

0. 7S8 

0. 

6 •*' 

0. 994 

S04 

1 

111. 1 

0 864 

520. 9 

0. 85S 

44. IS 

0. 759 

0. 

763* 

1. 00S 

SOb 

;t 

ill, 5 

0 858 

521. 5 

0. 862 

44. 11 

0. 742 

0. 

759 

1. 002 

SOI 


107. 1 

0. 827 

510. 2 

0. 362 

41. 6S 

0. 702 

0. 

62 

0 985 

302 


105. 7 

0. 820 

508. 7 

0. 846 

41. 14 

0. 688 

0. 

766 

0 993 

303 

2 

106. 6 

0 8SS 

509. 7 

0. 841 

41. 84 

0. 690 

0. 

770 

0. 998 

S04 

2 

106. 4 

0. 828 

510. 2 

0. 836 

41. 05 

0, 688 

0. 

756 

0 994 

30*"; 


107 6 

0 828 

510. S 

0 844 

41. S4 

0 695 

0 . 

75S 

0. 994 

SOI 


102. 9 

0. 794 

512. S 

0. 366 

40 15 

0 67 '7 

0. 

7 62 

0 984 

S02 

Li- 

106. S 

0. s;^4 

509 9 

0 848 

41 . 75 

0 698 

0 

7 '70 

M. **^99 

SOS 

"x 

107 1 

0. SS6 

511. 2 

0. 843 

41. 91 

0. 700 

0 

'766 

v'i 992 

3 04 


106. 3 

0 3S0 

512. S 

0. S' ^ 

41. 24 

0. 691 

0. 

754 

0 992 

305 

“■ 

107. 8 

0. ys0 

512. S 

0. 3*+. 

42 05 

0. 707 

0. 

‘762 

1. 006 

301 

4 

90, 4 

0. 698 

48S 9 

0. 8l8 

SS. 11 

0. 550 

0. 

1 O 1 

0. 978 

3£i2 

4 

93. 5 

0. 725 

48S. S 

0, 304 

S4. 29 

0. 574 

0. 

759 

0. 984 

303 

4 

93. 1 

0. 727 

48S. 2 

0. 797 

S4. 01 

0. 560 

0. 

756 

0. 979 

304 

4 

95. 6 

0. 744 

484. 8 

0. 794 

-S'4. t'9 

0. 581 

0. 

74o 

0. 984 

305 

4 

95 2 

0 . rss 

484. 2 

' 3 . 801 

34. 33 

0. 577 

0. 

744 

0. 9y3 

Ml 

c 

J 

.*^0. 

0. 701 

482 8 

0. 816 


0. 560 

0. 

758 

0. 930 

302 

KT. 

9,:'. 7 

0. 727 

4SS. 1 

0. 80S 

34. 66 

0. 580 

0 

766 

0. 993 

303 


94. 0 

0. 7S4 

482. 6 

0. 796 

_ 4. 5 ’o 

0, 577 

0. 

762 

0. 938 

304 

5 

95. 4 

0. 742 

484. 

0. 793 

35. 15 

0 569 

0. 

T’61 

1. 001 

30S 

5 

95. 3 

O! 7S4 

482. 2 

0. 797 

34. 43 

0. 579 

0. 

749 

0. 989 

->0i 

6 

34 1 

0. 649 

466 5 

0 788 

29. 47 

0 497 

0 

751 

0 971 

302 

€ 

37. 1 

0 S7f-» 

466 7 

0 776 

30. 73 

0. 514 

0 

756 

0. 980 

303 


37 7 

0- 6S5 

466. 5 

0 770 

30. 74 

0. 513 

0. 

752 

0. 974 

304 

»:> 

39 4 

0. 6'S*6 

470. 4 

0. 7 71 

31. 61 

0. 530 

0. 

752 

0. 98S 

305 

6 

39. 9 

0. 692 

466. 6 

772 

-- 1. L;^6 

0 527 

0 

747 

0. 987 

>01 

i' 

34. 5 

0. 652 

464. 2 

■0. 785 

29 67 

0. 500 

c. 

756 

0. 977 

302 

r 

37. 4 

u 678 

464. 2 

0. 772 

30. 34 

6 500 

0 

7 4S 

0. 970 

303 

i‘ 

o7. 9 

0. 687 

‘r‘r>4. 6 

0. 7 66 

31. 01 

0. 510 

0 

759 

0, 983 

304 

1 

90. 4 

0. 70S 

465. 1 

0. 762 

3jl. 56 

0. 529 

0. 

751 

0. 98? 

305 

1 

90. 0 

0 69S 

465. 1 

0 769 

31 54 

0. 530 

0 

754 

0 995 
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CURRENT CMA> 



POWER CMW> 



6.4.2 Proton Irradiation 

Due to the thick cover (4 -m 11) the samples did not degrade In 
the proton-thermal cycling environments (see Figures 56> 57» 58 end 59). 
Several covers cracked In the last set of thermal cycles probably due 
to mounting stress. Tables 18A and 18B contain the tabulated data and 
Figure 60 shows a typical pre- and post-test I-V curve. The temperature 
during the Irradiation ranged from 50®C to 57”C. 
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TRBLE ISA. TABULATED A SERIES DATA > PROTON IRRADIATION 


Le-ve I 
Number 


A SERIES 
TEMP. <C> ; 

PROTON IRRADIATION EX-SITU 

25 AREA; 4. INTENSITV 1*AM0 


AVERAGE 

SC/ Isco 

AVERAGE 

Voc/Voco 

AVERAGE 

Pmx/Pmxo 

AVERAGE 
F. F. /F. F. o 


0 1 . 000 

1 0. 996 


1. 000 i. 000 

0. 998 0. 982 


1 000 
0. 987 


Le ve I 
Number 

0 

1 

2 

s 

4 


fl SERIES PROTON IRRADIATION IN-SITU 
TEMP. c:C>; 25 AREA: 4. INTENSITV l^+'AMO 


AVE RAGE 
Isc/ Isco 


AVERAGE 

Voc/Voco 


AVERAGE 

Pmx/Pmxo 


i. 090 

0 998 
0. 995 
0. 994 

1 000 


1 . 000 

0. 999 

1 . 001 
1 . 000 
0. 999 


1 . 000 
0. 998 
0. 995 
0. 988 
0. 992 


AVERAGE 
F. F. /F. F. o 

1 . 000 
1 . 001 
0. 999 
0. 994 
0. 992 


A SERIES PROTON IRRADIATION EX-SITU 




TEMP. 

-;c> ; 25 

AREA 

r€ r" ial 

Le ve 1 

Isc 

Isc / 

Voc 

umber 

Number 

< m A > 

Isco 

< mV > 

:.:0b 

0 

153. 5 

i 000 

539. 8 

307 

0 

152. 9 

1. 000 

605. 9 

308 

0 

152. 1 

1. 000 

583. 2 

309 

0 

153. 0 

1. 000 

589. 9 

310 

0 

143. 0 

1. 000 

563. 7 

Z-06 

1 

153. 8 

1. 002 

589. 1 

307 

1 

154. 0 

1 001 

602. 9 

308 

1 

150. 7 

0. 991 

585. 7 

309 

1 

151. 6 

0. 991 

586. 9 

310 ♦ 

1 

99. 3 

0. 594 

550. 8 

^NOT 

INCLUDED 

IN AVERAGE 



4 INTENSITV 1^AM0 


Voc / 

Pm;N 

Pm;;:;/ 

Fill 

F. F. / 

Voc o 

< mW > 

Pmxo 

Fcic . 

F. F. o 

1. 

000 

68. 86 

1. 000 

0. 761 

1. 000 

1. 

000 

66. 82 

1. 000 

0. 717 

1. 000 

1. 

000 

68. 14 

1. 000 

0. 76S 

1. 000 

1. 

000 

68. 69 

1. 000 

0. 761 

1. 000 

1. 

000 

59. 39 

1. 000 

0. 737 

1. 000 

0. 

999 

67. 82 

0. 985 

0. 748 

0. 984 

0. 

995 

65. 35 

0. 978 

0. 704 

0. 982 

1. 

004 

66. 74 

0. 980 

0. 756 

0. 984 

0. 

995 

66. 12 

0. 963 

0 743 

0. 976 

0. 

977 

32. 80 

0. 552 

0. 600 

0 814 
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TABLE 18B. TABULATED A SERIES DATA - PROTON IRRADIATION 


A SERIES PROTON IRRADIATION IN-SITU 
TEMP. <C>: 25 AREA: 4 INTENSITV 1*AM0 


Serial 

Level 

Isc 

Isc/ 

Voc 

Voc/ 

Pmx 

Pmx/ 

Fill 

F. 

F. / 

Number 

Number 

<;mR> 

Isco 

<mV> 

Voco 

<mW> 

Pmxo 

Fac. 

F. 

F. o 

306 

0 

121. 3 

1. 000 

597. 

8 

1. 

000 

55. 66 

1. 000 

0. 768 

1. 

000 

307 

0 

122. 6 

1. 090 

608. 

1 

1. 

000 

52. 69 

1. 000 

0. 707 

1. 

000 

308 

0 

119. 5 

1. 000 

592. 0 

1. 

000 

53. 76 

1. 000 

0. 760 

1. 

000 

309 

0 

120. 8 

1. 000 

597. 

7 

1. 

000 

55. 21 

1. 000 

0. 765 

1. 

000 

310 

0 

111. 8 

1. 000 

571. 

3 

1. 

000 

48. 02 

1. 000 

0. 752 

1. 

000 

306 

1 

121. 3 

1. 000 

598. 

0 

1. 

000 

55. 62 

0. 999 

0. 767 

0. 

999 

307 

1 

122. 4 

0. 999 

608. 

6 

1. 

001 

52. 60 

0. 998 

0. 706 

0. 

998 

308 

1 

118 4 

0. 991 

590. 

6 

0. 

998 

53. 46 

0. 994 

0. 765 

1. 

006 

309 

1 

121. 2 

1. 003 

598. 

0 

1. 

001 

55. 15 

0. 999 

0, 761 

0. 

995 

310 

1 

111. 7 

0. 998 

569. 

5 

0 . 

997 

48. 04 

1. 000 

0. 755 

1. 

005 

306 

2 

121. 3 

1. 000 

599. 

1 

1. 

002 

55. 88 

1. 004 

0. 769 

1. 

002 

307 


122. 7 

1. 001 

610. 

6 

1. 

004 

52. 44 

0. 995 

0. 700 

0. 

990 

308 

2 

117. 9 

0. 987 

592. 

•r> 

& 

1. 

006 

53. 22 

0. 990 

0. 762 

1. 

003 

309 

•“* 

120. 3 

0. 996 

596. 

5 

0. 

?98 

54. 51 

0. 987 

0. 759 

0. 

993 

310 

•"S 

£1 

111. 1 

0. 994 

570. 

8 

0. 

999 

47. 90 

0, 997 

0. 755 

1. 

005 

306 

3 

121. 4 

1. 001 

598. 

4 

1. 

001 

55. 54 

0. 998 

0. 764 

0. 996 

307 

3 

122. 7 

1. 001 

610. 

5 

1. 

004 

52. 56 

0. 997 

0. 702 

0. 

992 

308 

3 

117. 5 

8. 984 

591. 

4 

0. 

999 

52. 67 

0. 980 

0. 7-58 

0. 

997 

309 

3 

120. 4 

0. 996 

595. 

5 

0. 

996 

53. 74 

0. 973 

0. 750 

0. 

981 

310 

3 

lie. 7 

0. 990 

569. 

9 

0. 

998 

47. 69 

0. 993 

0. 756 

1. 

006 

306 

4 

121. 8 

1. 004 

598. 

4 

1. 

001 

55, 93 

1. 005 

0. 767 

0. 

999 

30? 

4 

123. 3 

1. 006 

610. 

1 

1. 

803 

52. 22 

0. 991 

0. 694 

0. 

982 

308 

4 

118. 3 

0. 990 

591. 

4 

0 . 

999 

53. 27 

0. 991 

0. 761 

1. 

002 

369 

4 

120. 7 

0. 999 

594. 

4 

0. 

995 

54. 24 

0. 932 

0. 756 

0. 

989 

310# 

4 

112. 3 

1. 004 

562. 

4 

0. 

984 

36. 28 

0. 755 

0. 574 

0. 

764 


4<NOT INCLUDED IN AVERAGE 
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CURRENT CMA> 


S/N « 

3de 

LEVEL • 

e 

1 

TEMP» 

25 C 

I8CCMA> • 

153.5 

153.8 

AREA* 

4 CH^ 

VOCCHV> i 

580.6 

580.1 

INT. « 

1»AMO 

PMAXCHW> 1 

88.0 

87.6 



F.F. 

0.781 

0.748 



VOLTAGE CMV> 

FIGURE 60. 

A SERIES PROTON IRRADIATION EX-SITU 


0180-26590-1 

92 


POWER CMU> 



6.4.3 UV Exposure 

There was a 7 % decrease In at the completion of the 

exposure; however » there was no change In therefore the change In 
appears to be due to a transmission loss. The samples appeared 
hazy during the exposure and as mentioned In Section 6.2* there were 
signs of contamination on the cells. The cause of the 7 % loss was 
therefore one or more of the following: (1) contamination during 

the UV exposure. (2) darkening of the 0211 microsheet or (3) darkening 
of the OC 93-500 adhesive. Figures 61. 62. 63 and 64 are plots of 
the average normalized test parameters. The tabulated data are In 
Tables 19A and 19B. Figure 65 Is a typical pre- and post-test I-V 
curve. The temperature during exposure ranged from 45®C to 48®C. 
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NORMALIZED Voo 
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NORMALIZED F.F. NORMALIZED Pwot 
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TABLE 19a TABULATED A SERIES DATA - UV IRRADIATION 



A SERIES 
TEMP. CO ; 

UV 

25 

IRRODiftTION 
ftREft; 4. 

EX-SITU 

INTENSITV 1*AM0 


Le ve 1 
Nurrtber 

ftVERftGE 

Isc/Isco 


AVERAGE 

Voc/Voco 

AVERAGE 

Pmx/Pmxo 

AVERAGE 
F. F. . ‘F. F. o 

0 

1 

i. 000 
0. 927 


1. 000 
1. 032 

1 000 
0. 961 

1. 000 
1 005 



ft SERIES 

UV IRRADIATION 

IN SITU 



TEMP. CO. 

25 AREA ; 4. 

INTENSITV 1=+=AM0 


Level 

AVERAGE 

AVERAGE 

AVERAGE 

fiVERftGE 

Numbtr 

i 5 C / 1 S C O 

Voc/Voco 

PmK.-'Pmxo 

F F /F. F. o 

0 

i. 000 

1. 000 

1. 0C0 

1 y0Cl 

1 

0. 980 

1. 000 

0. 972 

0 992 

'cL 

0. 938 

0. 99? 

0. 975 

0. 990 


0. 943 

0. 994 

0. 934 

0. 997 

4 

0. 94Zi 

0. 996 

0. 942 

1. 003 

5 

0. 934 

1. 022 

0. 950 

0 996 

€f 

0. 933 

1. 018 

0. 947 

0. 997 


ft SERIES UV IRPftDIftTION EX-SITU 
TEMP. CO; 25 ftREft 4 INTENSITV 1+ftMe 


Se r i.a 1 

Le ve 1 

Is c 

Isc/ 

Voc 

Voc/ 

Pm;>:; 

Pm;K/ 

FvU 

F. F. / 

Number 

Number 

Cm ft> 

Isco 

CmV) 

Voco 

C mW > 

F'mxo 

Fcic 

F. F. o 

311 

0 

152 . 2 

1. 000 

580. 7 

1. 000 

66. 84 

1. 000 

0. 756 

1. 00f1 

312 

0 

150. 9 

1. 000 

572. 9 

1. 000 

64. 91 

1. 000 

0. 751 

1. 000 

313 

0 

152. 6 

1. 000 

580. 6 

1. 000 

65. 31 

1. 000 

0. 737 

1. 000 

314 

0 

148 . 0 

1. 000 

577. 3 

1. 000 

64. 42 

1. 000 

0. 753 

1. 000 

315 

0 

155 . 7 

1. 000 

580. 2 

1. 000 

67. 10 

1. 000 

0. 743 

1. 000 

311 

1 

141. 9 

0. 933 

599. 1 

1. 032 

64. 97 

0. 972 

0. 764 

1. 010 

312 

1 

138. 6 

0 919 

594. 7 

1. 038 

61. 66 

0. 950 

0. 748 

0 996 

313 

1 

142. 4 

0. 933 

596. 5 

1. 027 

62. 75 

0. 961 

0. 738 

1 002 

314 

1 

136 . 2 

0. 920 

596. 6 

1. 032 

61. 71 

0. 958 

0. 760 

1. 008 

315 

1 

144. 4 

0. 928 

599. 1 

1. 032 

64. 83 

0 966 

0 749 

1 009 
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TRBLE 198. T88UL8TED R SERIES DRTR - UV IRRRDIRTION 


fl SERIES UV rr.RROIRTION IN SITU 
TEMP. <C>; 25 RRER: 4 INTENSITV 1*RM0 


Serial 

Leve 1 

Is c 

I s c / 

Voc 

Voc.'‘ 

Pmx 

Pmx/ 

Fill 

F. F. / 

Number 

Number 

<mR> 

Isco 

<mV> 

Voco 

<mU> 

Pmxo 

Fac. 

F. F. o 

211 

0 

15© 4 

1. 000 

586. 9 

1. 000 

67 23 

1. 000 

0. 762 

1. 000 

212 

0 

149 . 0 

i 000 

581. 2 

1. 000 

64. 73 

1. 000 

0. 747 

1. 000 

212 

0 

15© . 7 

1. 000 

585. 9 

1. 000 

65. 16 

1 000 

0, 738 

1. 000 

214 

0 

145 9 

1. 000 

582. 4 

1. 000 

64. 80 

1. 000 

0. 762 

1. 000 

215 

0 

154. 1 

1. 000 

585. 6 

1. 000 

67 42 

1. 000 

0. 747 

1. 000 

211 

1 

147. 5 

0. 981 

585. 8 

0. 998 

65. 01 

0. 967 

0. 752 

0. 988 

212 

1 

144. 2 

0. 969 

582. 6 

1. 002 

62. 96 

0. 972 

0. 749 

1. 002 

212 

1 

149. 7 

0. 393 

584. 7 

0. 998 

64. 02 

0. 982 

0. 721 

0. 991 

214 

1 

141 S 

0. 972 

581. 9 

0. 999 

62. 00 

0. 957 

0. 752 

0. 985 

215 

1 

151 . 5 

0. 982 

585. 8 

1. 000 

66. 0€i 

0. 979 

0. 744 

0. 895 

211 

•-» 

a 

14S. 9 

0. 990 

584. 5 

0. 996 

65. 24 

0. 970 

0. 749 

0 984 

3i2 


145 . 7 

0. 978 

580 1 

0. 998 

62. 28 

0 962 

0. 737 

0. 986 

212 

•-> 

149. 6 

0. 993 

582. 4 

0. 994 

63. 97 

0. 982 

0. 724 

0. 995 

214 


142 . 7 

0. 985 

582. 0 

0. 999 

63. 23 

0. 976 

0. 756 

0. 991 

2i.5 

•-> 

152. 0 

0. 992 

582. 9 

0. 997 

66. 39 

0. 985 

0. 742 

0. 995 

211 


141 . 7 

0 942 

582 7 

0. 993 

62. 71 

0. 933 

0. 760 

0. 997 

3:12 


129. S 

0- 939 

573- 0 

0 994 

59. 92 

0. 926 

0. 741 

0 992 

:<i3 


144 4 

0. 953 

581 i 

©. -■.2 

61. 91 

0. 950 

0. 728 

1. 000 

314 


125 9 

0- 931 

580 4 

0. 997 

59. 42 

0. 917 

0. 754 

0 988 

315 

3 

145 . 2 

0. 9*43 

580. 9 

0 992 

62. 51 

0. 942 

0 752 

1. 007 

311 

4 

141 . 3 

0. 943 

59-1 3: 

0. 996 

63. 67 

0 947 

0. 768 

1. 009 

312 

4 

14© 1 

0 940 

579. 6 

0. 997 

60. 76 

0. 929 

0. 748 

1. 001 

313 

4 

144 6 

0. 959 

581 1 

0. 992 

62. 25 

0. 955 

0. 741 

1. 004 

314 

4 

12t 5 

0. 936 

580 7 

0. 997 

59 78 

0 922 

0 754 

© 989 

315 

4 

144 . 7 

0. 93:9 

583. 3 

0. 996 

63 83 

0 947 

0. 756 

1 012 

311 

cr 

141 2 

0. 940 

599. 9 

1 022 

63 9T 

©. 952 

0 755 

0. 991 

1 

5 

123, 1 

0 927 

595. 3 

1. 024 

61. 26 

0. 946 

0. 745 

0 997 

313 

5 

141 9 

0. 941 

595 6 

1. 017 

62. 81 

0 964 

0 742 

1. 008 

314 

5 

125 6 

0 930 

595. 6 

1. 022 

60. 59 

0. 925 

0 750 

0. 982 

315 

5 

142 . S 

0. 932 

599. 2 

1. 022 

64. 36 

0. 954 

0 748 

1 001 

311 

b 

141 6 

0. 941 

597 5 

1. 018 

64. 07 

0. 952 

0. 758 

0. 994 

312 

6 

128 6 

0. 931 

593. 0 

1 020 

61. 13 

0 944 

0 744 

0 995 

313 

S 

142 . 2 

0. 943 

594. 2 

1. 014 

61 97 

0 951 

0 724 

0 995 

314 

6 

124 6 

0 923 

593. 7 

1. 020 

60. 72 

0. 927 

0 7 60 

0 996 

315 

b 

142 . 6 

0 925 

597. 0 

1. 020 

64. 02 

0. 949 

0 752 

1. 006 
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S/N t 

313 

LEVEL 1 

8 

t 

TEMP* 

25 C 

X$CCHA> < 

152.6 

142.4 

AREA* 

4 CM^ 

VOCCHV> * 

588.6 

596.5 

INT. 1 

t»AHe 

PMAXCHU> I 

65.3 

62.8 



F.F. « 

8.737 

8.736 

288^ 






leeL 



VOLTAGE CMV> 

FIGURE 65 

A SERIES UV IRRADIATION EX-SITU 
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6.5 C SERIES CELLS 

(OCLI 2-mil, 10 n-cm BSF cell with Ta20g, 2-tnil FEP-A cover, 1-mil 
Kapton back and 2>mil of 93-500 adhesive on front and back.) 

6.5.1 Electron Irradiation 

15 

The first visible damage was observed after a fluence of 5 x 10 

2 

e/cm and 30 thermal cycles. At this point the FEP-A covers started 
coming loose from the cell. The cracking became worse after the third 
set of thermal cycles were completed. The electrons caused the FEP-A 
to harden and the flexing during the thermal cycles caused the cracking 
and blistering. 

The summary plots (Figures 66, 67, 68, and 69) include the JPL 
Handbook values for a 2 (i-cm BSF cell. However, the physical damage 
to the samples preclude any meaningful interpretation of the electrical 
data. The tabulated data are in Tables 20A and 20B and Figure 70 is 
a typical I-V curve. Figure 71 is a photograph of a sample showing the 
FEP-A cracks. The sample temperature ranged from 54°C to 56®C during 
the irradiations. 


D1 80-26590-1 

99 
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FIGURE 08. C SERIES ELECTRON IRRADIATION IN-SITU 
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FIGURE 08. C SERIES ELECTRON IRRADIATION IN-SITU 
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TABLE 2BA. TABULATED C SERIES DATA - ELECTRON IRRADIATION 


C SERIES ELECTRO?^ IRRADIATION EX-SITU 
TEMP. CO; 25 AREA; 4. INTENSITV 1>*‘AM0 


Leve 1 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Ni.uftber 

Isc/Isco 

Voc /Voc o 

PriixXPmxo 

F F. , F. F > 

0 

1. 000 

1. 000 

1. 000 

1. 000 

1 

0. 602 

0. 352 

0 512 

0 998 


C SERIES ELECTRON IRRADIATION IN-SI TU 
TEMP. CO : 25 AREA; 4. INTENSITV l^+^AMO 


ve 1 

AVERAGE 

AVERAGE 

AVERAGE 

flVERFiGE 

.iTiber 

I s c .■■■' I ? c o 

Voc /Voc Q 

Pmx/Pritxo 

F F. 

,-'F. F 

0 

1. 000 

1. 000 

i. 000 

1. 

060 

i 

0. SS9 

0. 946 

0 843 

1. 

003 


0. 837 

0. 925 

0. 773 

0. 

993 

-i- 

0. 840 

0. 929 

0. 783 

1. 

003: 

4 

0. 691 

0. 879 

0. 605 

0. 

99? 

5 

B. 66? 

0. 870 

0. 579 

0. 

998 

6 

0. 592 

0 847 

0. 496 

vli. 

988 

*7 

0. 578 

0. 842 

0. 484 

0. 

995 


Set- ia 1 
Nu ruber' 

401 

402 
40 S 

404 

405 


401 

402 

403 

404 

405 


C SERIES ELECTRON IRRADIATION EK-SITU 
TEMP. CO; 25 AREA; 4 INTENSITV l+AMO 


Leve 1 

Isc 

Isc/ 

Nuftibef- 

C fn A > 

Isco 

0 

144. 0 

1. 000 

0 

147. 1 

1. 000 

0 

151. 9 

1. 080 

0 

148. 0 

1. 000 

0 

145. 5 

1. 000 

1 

0. 0 

0. 000 

1 

0 0 

0. 000 

1 

90. 6 

0. 596 

1 

88. 8 

0. 600 

1 

38. 6 

0. 609 


Voc 

Voc / 

F'fi'ix 

CmV> 

Voc o 

C iriW > 

561. 6 

1. 000 

59. 31 

560. 2 

1. 000 

61. r 1* 

574. 5 

1. 000 

64. 24 

567. 0 

1. 000 

64. 17 

557. 7 

1. 000 

56. 85 

0. 0 

0. 000 

0. 00 

0. 0 

0. 000 

0 00 

434. 4 

0. 843 

32. 40 

486. 0 

0. 357 

32. 26 

477. 8 

0. 857 

30. 01 


Pmx/ 

Fill 

F. F. / 

Prrt:xo 

Fac. 

F. F. o 

1. 000 

0. 734 

1. 000 

1. 000 

0. 750 

1 000 

1. 00t3 

0. 736 

1. 000 

1. 000 

0. 765 

1. 000 

1. 000 

0. 701 

1. 000 

0. 000 

0. 000 

0. 0Ci0 

0 000 

0 000 

0 000 

0. 504 

0. 738 

1 003 

0. 503 

0. 7 48 

0 978 

0. 528 

0. 709 

1. 012 


D180-26590-1 

102 



TABLE 20B. TABULATCP C SERIES DATA > ELECTRON IRRADIATION 


C SERIES ELECTRON IRRADIATION IN-SITU 
TEMP. <C>: 25 AREA; 4 INTENSITV 1>»<AM0 


S6f’ ici 1 

Level 

Isc 

Is 

; c / 

Voc 

Voc/ 

Pmx 

Pmx/ 

Fill 

Number- 

Nufiiber 

<mA> 

Is 

CO 

< mV > 

Voco 

< mW > 

Pmxo 

Fac. 

401 

0 

41. 9 

1. 

006 

484. 0 

1. 

006 

13. 

62 

1. 

000 

0. 

672 

402 

0 

125. 3 

1. 

000 

555. 9 

1. 

000 

52. 

^^8 

1. 

000 

0. 

752 

402 

0 

128. 4 

1. 

000 

564. 0 

1. 

000 

53. 

54 

1. 

000 

0. 

729 

404 

0 

125. 4 

1. 

000 

567. 6 

1. 

000 

55. 

00 

1. 

000 

0. 

773 

405 

0 

125. 6 

1. 

000 

559. 5 

1. 

000 

49. 

90 

1. 

000 

0. 

710 

40l¥ 

1 

29. 5 

0. 

941 

407. 1 

e. 

841 

10. 

31 

0. 

757 

0. 

642 

402 

1 

112. 8 

0. 

900 

520. 0 

0, 

952 

45. 

22 

0. 

862 

0. 

757 

402 

1 

112. 6 

0. 885 

529. 4 

0. 

939 

44, 

74 

0. 

826 

0. 

744 

404 

1 

111. 9 

0. 

892 

525. 0 

0. 

942 

45. 

78 

0. 

832 

0. 

765 

405 

1 

110. 2 

0. 

877 

522. 2 

0. 

951 

42. 

19 

0. 

845 

0. 

719 

401# 

cl 

38. 2 

0. 

912 

402. 9 

0. 

822 

9. 

92 

0. 

t 28 

0. 

644 

402 


107. 2 

0. 

857 

519. 6 

0. 

925 

41. 

54 

0. 

792 

0. 

745 

402 


106. 2 

0. 

827 

515. 8 

0. 

915 

40. 

82 

0. 

762 

0, 

745 

404 

Cl' 

104. 5 

0. 

83^4 

523. 8 

0. 

922 

41. 

y J:, 

0. 

761 

0. 

764 

405 

■2 

104. 4 

0. 

871 

520. 2 

0. 

920 

28. 

87 

0. 

779 

0. 

716 

401 

- 

28. 4 

0. 

917 

393. 1 

0. 

812 

9. 

71 

0. 

712 

0. 

642 

402 


107. 2 

0. 

856 

520. 7 

0. 

927 

42. 

20 

0. 

806 

0. 

756 

402 

7 

107. 0 

0. 

877 

518. 3 

0. 

919 

41. 

29 

0. 

771 

0. 

745 

404 

2 

104. 7 

0. 

875 

525. 5 

0, 

926 

42. 

09 

0. 

765 

0. 

765 

405 

3 

lti5. 0 

0. 

876 

522. 1 

0 


29. 

42 

0, 

790 

0. 

719 

401+ 

4 

~:-cr 

Cl 

0. 

379 

298. 9 

0. 

824 

9. 

06 

0. 

665 

0, 

646 

402 

4 

38 6 

0. 

707 

493. 7 

0. 

888 

22. 

08 

0. 

6^1 

0. 

756 

402 

4 

83. 5 

0. 

690 

490. 2 

0. 

869 

32. 

21 

0. 

602 

0. 

742 

404 

4 

36. 4 

0. 

689 

496. 5 

0. 

875 

22. 

42 

0. 

589 

0. 

756 

405 

4 

35. 0 

0. 

677 

494. 5 

0. 

884 

30. 

01 

0. 

601 

0. 

714 

401 * 

5 

0. 0 

0. 

000 

0. 0 

0. 

000 

0. 

00 

0. 

000 

0. 

000 

402# 

5 

24. 1 

0. 

192 

441. 4 

0. 

794 

6. 

03 

0. 

115 

0. 

566 

402 

5 

85. 8 

0. 

663 

488. 2 

0. 

866 

21. 

11 

0. 

581 

0. 

742 

404 

5 

87. 4 

0. 

665 

489, 5 

0. 

06cl' 

21. 

02 

0. 

564 

0. 

760 

405 

cr 

s_l 

37. 9 

0. 

668 

493. 5 

0. 

882 

29. 

66 

0. 

594 

0. 

717 

401# 

6 

0. 0 

0. 

000 

0 0 

0. 

000 

0. 

00 

0. 

000 

0. 

000 

402# 

6 

21. 2 

0. 

169 

420. 5 

0. 

756 

5. 

44 

0. 

104 

0. 

610 

402 

6 

1 • 

0. 

589 

472 5 

0. 

840 

26. 

46 

0. 

494 

0. 

739 

404 

6 

74. 1 

0. 

591 

478. 5 

0. 

842 

26. 

42 

0 . 

480 

0. 

745 

405 

6 

75. 0 

0 

597 

480, 0 

0. 

858 

25, 

61 

0. 

512 

0. 

712 

401# 

1*’ 

0. 0 

0. 

000 

0. 0 

0. 

000 

0. 

00 

0 

000 

0. 

000 

402# 

-7 

11. 7 

0. 

097 

412, 3 

0 

742 

2. 

46 

0 . 

047 

0. 

510 

402 

7 

74. 3 

0. 

580 

472. 9 

0. 

840 

26. 

01 

0. 

486 

0. 

•*' » 

404 

“7 

f 

I’* 2 . o 

0. 

580 

475. 1 

0. 

827 

26. 

01 

0. 

4 1'- 

0. 

75£.‘ 

405 

i' 

72. 0 

0. 

577 

475, 2 

0. 

849 

24. 

69 

0. 

495 

0. 

721 


+NOT INCLUDED IN AVERAGE 
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F. F. / 

F. F o 

1. 000 
1. 000 
1. 000 
1. 000 
1 . 000 

0. 955 

1. 006 
1. 006 

0. 990 

1. 013 

0. 959 

0. 990 

1. 007 
0 989 
1. 008 

0. 956 

1. 005 
1. 007 

0. 990 

1 . 012 

0. 961 

1 . 005 
1. m4 

0. 9TB 

1. 006 

v3. 000 

0. 753- 

1. 004 

0. 984 

1. 009 

0 . 000 
0. 811 

0. 399 
0 964 

1. 007 

0 . 000 
0. 678 

0 997 
0. 974 

1 016 



CURRENT CMA? 



POWER CMW> 








FIGURE 71 . SAMPLE C 1 (401 ) SHOWING FEP-A 
CRACKS, POST-ELECTRON IRRADIATION 


0180-26590-1 

105 


6.5.2 Proton Irradiation 

1 A 9 

The only visible damage observed was a'ter 3 x 10 ^ p/atr and 
fifteen thermal cycles where the samples had a ha.ty appearance. After 

1C 2 

3.3 X 10 p/cm and 30 thermal cycles the FEP-A was hazier and this was 
reflected in a decrease in of 4.5 percent. The was not affected. 
Therefore the loss in was caused by transmission loss of the FEP-A 
covers. Figures 72, 73« 74 and 75 are the summary plots and Tables 
21A and 21 B contain the tabulated data. Figures 76 A and 76B are a 
typical full set of in situ I-V curves. The sample temperature ranged 
from 50®C to 54*C during the irradiations. 
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NORMALIZED Voc NORMALIZED Imc 







NORMALIZED F.F. NORMALIZED P*x 





TABLE 21R TABULATED C SERIES DATA - PROTON IRRADIATION 



C SERIES 

PROTON IRRADIATION E^=-SITU 



TEMP. <C> 

25 AREA . 4. 

INTENSITY 1*AM0 


Leve 1 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Nu ruber 

I c . ’ I s ■: o 

Voc VC‘C o 

Pri'X.-’Pnixo 

F. F. /F. F. o 

0 

1. 000 

1. 000 

1. 000 

1 000 

i 

0. 999 

0. 997 

1 015 

1. 018 



SERIES 

PROTON IRRADIATION IN-SITU 



TEMP. <Cj : 

25 AREA: 4. 

INTENSITY l=f=AM0 


Ltr ve 1 

AVE RAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Number 

Isc/ Isco 

Voc / ■>'oc o 

Pfiix/'Prftxo 

F. F. /F. F. o 

0 

1. 000 

1. 000 

1. 000 

1. 000 

1 

0. 992 

1. 007 

1. 005 

1. 006 


0. 995 

1. 015 

1. 009 

1. 000 


0. 955 

1. 012 

0. 972 

1. 005 

4 

0. 966 

1. 012 

0. 974 

0. 994 




C SERIES PROTON IRRADIATION E> 

<-SlTU 





TEMP. 

: 25 

AREA 

: 4 

INTENSITY 1*AH0 



'♦er 1 

Le ve 1 

liC 

I5C/ 

Voc 

Voc/ 

Pfi’lX 

Prnx/ 

Fill 

F F. . ■ 

Number 

.Number 

< ruA .> 

Isco 

< rfiV > 

Voco 

< rnW > 

Priixc> 

Fcic . 

F. F. o 


0 

151. 7 

1. 000 

574. 8 

1. 000 

65. 72 

1. 000 

0 754 

1. 000 

407 

0 

147. 9 

1. 000 

562. 5 

1. 000 

61. 

1. 000 

0. 726 

1. 000 

40S 

0 

146. 2 

1. 000 

556. 2 

1. 000 

56. 70 

1. t100 

0. 697 

1 000 

409 

0 

145. 2 

1. 000 

560. 6 

1. 000 

59. 46 

1. 000 

0. 720 

1. 000 

410 

0 

147. 7 

1. 000 

561. 3 

1. 000 

55. 54 

1. 000 

0. 722 

1. 000 

406 

1 

148. 7 

0. 980 

570. 6 

0. 992 

62. 57 

0. 972 

0. 754 

1. 000 

407^ 

1 

56. 7 

0. 284 

556. 5 

0. 989 

22*. 25 

0. 3S2 

0 741 

1 006 

40S 

1 

146. 8 

1. 004 

552. 7 

0. 994 

58. 42 

1. 020 

0 720 

1 032 

409 

JL 

146. 5 

1. 008 

558. 6 

0. 996 

60. 98 

1. 026 

0 745 

1 021 

•119 

1 

148. 2 

1. 004 

564. 6 

1. 005 

61. 66 

1. 029 

0. 726 

1. 019 


♦NOT INCLUDED IN AVERAGE 
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TRBLE 21B. TRBULfITCD C SCRIES DATA - PROTON IRRADIATION 


C SERIES PROTON IRRADIATION IN-SITU 




TEMP. 

<C> 

25 

AREA 

: A 

\ : 

NTENSITV 1+AM0 




berval 

Level 

Isc 

Isc/ 

Voc 

Voc/ 

Pmx 

Pmx/ 

Fill 

F. F. / 

Nwfftber 

Number 

<mR> 

Isco 

<mV> 

Voco 


Pmxo 

Fac. 

F F. o 

406 

0 

128. 4 

1. 

000 

585. 1 

1. 

eee 

57. 

86 

1. 000 

0. 

770 

1. 000 

407 

0 

125. 4 

1 

000 

530. 5 

1. 

000 

46. 

76 

1. 000 

0. 

703 

1. 000 

408 

0 

124. 1 

1. 

000 

569. 6 

1. 

000 

51. 

62 

1. 000 

0. 

730 

1. 000 

409 

0 

124. 3 

1. 

000 

573. 3 

1. 

000 

53. 

61 

1. 000 

0. 

752 

1. 000 

410 

0 

128. 5 

1. 

000 

543. 4 

1. 

000 

50. 

91 

1. 000 

0. 

729 

1. 000 

406 

1 

128. 3 

0. 

999 

586. 0 

1. 

002 

57. 

82 

0. 999 

0. 

769 

0. 999 

407 * 

1 

121. 6 

0. 

970 

514. 5 

0 

970 

32. 

68 

0. 699 

6. 

522 

0. 743 

408 

1 

121. 7 

0. 

981 

567. 5 

0 

996 

50 

78 

0. 984 

0. 

725 

1. 007 

409 

1 

123. 9 

0. 

997 

575. 6 

1. 

004 

53. 

61 

1. 000 

0. 

752 

0. 999 

410 

1 

127. 6 

0. 

993 

557. 4 

1. 

026 

52. 

82 

1 037 

0. 

742 

1. 018 

406 


128. 4 

1. 

000 

588. 

1. 

005 

57. 

43 

0. 993 

0 

760 

0. 987 

407 * 


50. 1 

0. 

399 

526 1 

0. 

992 

19. 

46 

0 416 

0. 

739 

1. 051 

408 


122. 2 

0. 

985 

569 t 

0. 

999 

50. 

60 

0. 980 

0. 

2^ 

0. 996 

409 

2. 

124. 2 

0. 

999 

578. 3 

1. 

009 

52. 

85 

1. 004 

0. 

?50 

0. 9'97 

410 

cL 

127. 9 

0. 

996 

568. 5 

1. 

046 

54. 

05 

1. 061 

0. 


1. 018 

406 


122. 4 

0. 

953 

586. 1 

1. 

002' 

55. 

51 

0. 959 

0 

774 

1. 005 

407* 

3 

48. 2 

0. 

384 

493. 9 

0. 

931 

17. 

23 

0. 369 

0. 

724 

1. 030 

40S 


116 7 

0. 

940 

568. 7 

0. 

998 

48. 

03 

0. 931 

0. 

724 

0 991 

409 

_s 

120 0 

0. 

965 

576. 9 

1. 

006 

52. 

34 

0. 976 

0. 

756 

1 005 

410 


123. 5 

0. 

961 

567. 1 

1. 

044 

52. 

04 

1. 022 

0. 

7* 4^' 

1. 019 

406 

4 

123. 2 

0. 

960 

582. 5 

1. 

004 

56. 

14 

0. 970 

0. 

775 

1 007 

407 ♦ 

4 

48. 8 

0. 

390 

494. 4 

0. 

932 

16. 

13 

0. 345 

0. 

668 

0. 951 

408 

4 

118. 5 

0. 

955 

569. 2 

0. 

999 

47. 

38 

0 918 

0. 

70K 

0. 962 

409 

4 

121. 6 

0 

979 

576. 6 

1. 

006 

52 

89 

0. 987 

0 

754 

1. 003 

410 

4 

124. 6 

0. 

970 

567. 6 

1. 

045 

51. 

89 

1. 019 

0. 

734 

1 006 


♦NOT INCLUDED IN AVERAGE 
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CURRENT CMA? 



POWER CMU> 



CURRENT <MA> 


4 



V0LTA6E <MV> 


C SERIES 


FIGURE 76B. 

PROTON IRRADIATION 

0180-2GS90-1 


IN-SITU 


POWER CMU> 



6.5.3 UV Exposure 

Lr degraded by 13% at the completion of the exposure. The 
visual Inspections showed the sample looked hazy. The loss In I.. 

Is due to a transmission loss caused by one or more of the following: 
(1) contami'.iation during the UV exposure (see Section 6.2). (2) darken- 
ing of theFEP-Aor (3) darkening of the DC 93-500. Figures 77, 78, 

79, and 80 are the sunnary plots of the test parameters and Tables 22A 
and 226 contain the tabulated data. Figure 81 Is a typical pre- 
and post- test I-V curve. The thermocouple attached to the cell 
failed after the first set of thermal cycles; however, before that time 
the sample read 34®C. 
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NORHALIZED F.F. NORMALIZED Pmk 
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TftBLE 22fi. TflBUtl^TO C SiWCS - UV IRRfiDiflTION 

C SERIES UV IRRADIATION EK-SITU 



TEMP. <C>; 

25 AREA : 4. 

INTENSITY H^AMe 


Level 

Number 

AVERAGE 
I s c / 1 s c o 

AVERAGE 

Voc/Voco 

AVERAGE 

Pcfix/Pmxo 

AVERAGE 
F. F /F F. o 

0 

1 

i. 000 
0. y y 1'' 

1 000 
1, 024 

1. 000 
0. 915 

1 000 
1 007 



C SERIES 

UV IRRADIATION 

IN SITU 



TEMP. ‘;;c> . 

25 AREA ; 4. 

INTENSirV 1+AM0 


Lev.*el 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Number 

I s c / 1 s c o 

Voc .■•■‘Voc o 

F‘m K.''Priixo 

F. F, /F, F. o 

£i 

1 000 

1 000 

1 000 

1. 000 

i 

0. 338 

1. 024 

0. 366 

1. v306 

•=- 

0. 353 

1. 031 

0. 338 

1 . 01 1. 


0. 833 

1. 020 

01. 330 

1. 014 

4 

0. 308 

i 030 

0. 953 

1. 024 

5 

0. 862 

1. 043 

0. 327 

1. 025 

6 

0. 873 

1. 052 

0. 93:7 

1. 021 




C SERIES 

UV 

IRRADIATION 

EX-SITU 






TE NP. 

<;c> 

: 25 

AREA 

4 

INTENSITY 

1m«AM0 



Se r va 1 

Level 

Is c 

Is 

%z / 

Voc 

Voc / 

Pmx 

Pmx/ 

FUl 

F. F. / 

NLUiiber 

Number 

< m A ‘ 

I s c o 

•:;mV> 

Voco 

(. mW > 

Pmxo 

Fcic. 

F . F . o 

411 

0 

153 . 4 

1. 

000 

575. 8 

1. 000 

67 558 

1 000 

0. 765 

1. 000 

412 

0 

152. 3 

1. 

000 

574. 7 

1 000 

66. 60 

1. 000 

0. 761 

1. 000 

413: 

0 

154. 1 

1. 

000 

575. 8 

1. 000 

63. 43 

1. 000 

0. 715 

1. 000 

414 

0 

152 0 

1. 

000 

572. 2 

1. 000 

65. 60 

1. 000 

0 754 

1. 000 

415 

0 

150. 4 

1. 

000 

575. 9 

1. 000 

65 22 

1. 000 

0. 753 

1. 00€l 

411 

1 

133 . 5 

0. 

S?i 

530. 6 

1. 026 

61. 62 

0. 912 

0. 781 

1. 021 

412 

1 

136. 2 

0. 

894 

530. 6 

1. 028 

60. 27 

0. 305 

0 749 

0. 385 

412 

1 

136 . 4 

0. 

885 

585 3 

1 017 

58. 04 

0. 314 

0 727 

1. 016 

414 

1 

136 . 4 

0. 

897 

588. 2 

1. 028 

60. 44 

0. 321 

0. 753 

0. 333 

415 

1 

134. 0 

0. 

890 

587 0 

1. 013 

60. 6i8 

0. 321 

0 764 

1. 015 
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TRBLE 22B. TABULATED C SERIES DATA - UV IRRADIATION 


C SERIES UV IRRADIATION IN SITU 
TEMP. <C>; 25 AREA: 4 INTENSITY AMO 


S€f' V'il 

Level 

Is c 

Isc/ 

Voc 

Voc/ 

Pmx 

Pmx/ 

Fill 

F. 

F. / 

Number 

Number 

<rr,A> 

Isco 

<mV> 

Voco 

<mN> 

Pmxo 

Fac. 

F. 

F. 0 

411 

0 

151. 6 

1. 

000 

575. 

9 

1. 

000 

66. 

25 

1. 

000 

0 . 

759 

1. 

000 

412 

0 

154. 2 

1. 

000 

522. 

7 

1. 

000 

58. 

01 

1. 

000 

0 . 

718 

1. 

000 

412 

0 

151. 7 

1. 

000 

572. 

7 

1. 

000 

62. 

24 

1. 

000 

0 . 

717 

1. 

000 

414 

0 

150. 2 

1. 

000 

562. 

7 

1. 

000 

62. 

92 

1. 

000 

0 . 

742 

1. 

000 

415 

0 

152. € 

1. 

000 

506. 

8 

1. 

000 

55 

59 

1. 

000 

0 . 

714 

1. 

000 

411 

1 

142 . 4 

0. 

929 

570. 

8 

0. 

991 

62. 

22 

0 . 

941 

0 . 

767 

1. 

011 

412 

1 

141. 1 

0. 915 

528. 

9 

1. 

029 

54. 

74 

0 . 

944 

0 . 

720 

1. 

002 

412 

1 

142. 4 

0. 

945 

569. 

8 

0. 

995 

58. 

22 

0 . 

924 

0. 

712 

0. 

992 

414 

1 

145 . 6 

0. 969 

561. 

1 

0. 

995 

59. 

85 

0 . 

951 

0. 

722 

0. 

986 

415 

1 

141. 4 

0 

921 

562. 

6 

1. 

110 

59. 

02 

1. 

062 

0. 

742 

1. 

£i29 

411 

2 

142. 7 

0. 

947 

571. 

7 

0. 

992 

62. 

40 

0 . 

957 

0. 

772 

1. 

018 

412 


144 . £i 

0. 

932 

556. 

2 

1. 

062 

59. 

50 

1. 

026 

0. 

742 

1. 

024 

412 

2 

145. 5 

0. 

959 

566. 

0 

0. 

988 

58. 

75 

0 . 

942 

0. 

712 

0. 994 

414 

2 

14S . 9 

0. 

991 

562. 

6 

i. 

000 

62. 

18 

0 . 

988 

0. 

741 

0. 

997 

415 

2 

142. 7 

0. 

926 

562. 

4 

1 

110 

59. 

92 

1. 

078 

0. 

742 

1. 

028 

411 


125. 0 

0. 

890 

571. 

0 

0. 

991 

58. 

65 

0 . 

885 

0. 

761 

1. 

002 

412 

•Is* 

122. 7 

0. 

867 

522. 

6 

1 

019 

52. 

62 

0 . 

907 

0. 

728 

1. 

028 

412 

3 

128. 4 

0. 

912 

562. 

7 

0. 

984 

55. 

62 

0 . 

892 

0. 

712 

0 

994 

414 

3 

129. 5 

0. 

929 

561. 

2 

0. 

996 

57. 

90 

0 , 

920 

0. 

739 

0. 

995 

415 

s 

127 . 6 

0. 

896 

561. 


1. 

108 

57. 

97 

1, 

043 

0, 

750 

1 

050 

411 

4 

126 4 

0. 

900 

571. 

1 

0. 

992 

60. 

16 

0 . 

90S 

0. 

772 

1. 

018 

412 

4 

127. 1 

0. 

ys?* 

557. 

6 

1. 

065 

56. 

53 

0 . 

974 

0. 

740 

1. 

030 

412 

4 

140. 2 

0. 

925 

566. 

el 

0. 

989 

56 

55 

0 . 

907 

0. 

712 

0. 

993 

414 

4 

140. 2 

0. 

933 

561. 

|Z| 

0. 

996 

59. 

55 

0 . 

946 

0. 

756 

1. 

018 

415 

4 

127. 5 

0. 

395 

562. 

0 

1. 

111 

53. 

75 

1. 

057 

0, 

759 

1. 

062 

411 

5 

129. S 

0. 

S'56 

586. 

0 

1. 

017 

58. 

47 

0 . 

883 

0. 

769 

1. 

013 

412 

c 

129 . 8 

0. 

841 

556. 


1. 

062 

53. 

32 

0 . 

919 

0. 

1 ' -i’S 

1. 

028 

412 

tr 

■-» 

122 . 0 

9. 

ST'S 

577. 


1. 

008 

55. 

52 

0 . 

391 

0. 

723 

1. 

008 

414 

5 

132 . 4 

0. 

888 

576. 

0 

1. 

022 

57. 

92 

0 . 

920 

0. 

754 

1 

015 

415 

5 

12’0 . 2 

0. 

848 

576, 

1 

1. 

137 

56. 

72 

1. 

021 

0. 

756 

1, 

059 

411 

b 

121 3 

0. 

866 

582. 

1 

1. 

012 

58. 

1 el 

0 . 

8f;6 

0. 

767 

1. 

011 

412 


122 . S 

0. 

361 

568. 

8 

1. 

086 

55. 

49 

0 . 

957 

0. 

725 

1. 

022 

412 

b 

134 . 0 

0. 

882 

577. 

0 

1 

007 

55, 

52 

0 . 

891 

0. 

718 

1, 

001 

414 

6 

135. 2 

0 

900 

574. 

4 

1. 

019 

58. 

28 

0 . 

926 

0. 

750 

1. 

010 

415 


JL . J- 

0 

855 

575. 

9 

1. 

136 

57. 

06 

1. 

026 

0. 

755 

1. 

057 
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CVN> 


S/N 1 

411 

LEVEL I 

0 

1 

TEMP* 

25 C 

I8CCMA> * 

1S3.4 

138.5 

AREA* 

4 CM^ 

VOCCMV> t 

575.6 

590.6 

INT. t 

1»AMO 

PMAXCMW> I 

87.6 

61 .8 



r.F. * 

0.785 

0.781 


teeL 



V0LTA9C CMV> 

FIGURE 81 . 

C SCRIES UV IRRADIATION CX-SITU 
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6.6 D SERIES CELLS 

(OCLI 8-mil 10 n-cm BSF/R cell, 21.5 mil 93-500 cover, no backing, 
no adhesive.) 

6.6.1 Electron Irradiation 

There was no visible damage observed throughout the irradiation. 

On summary plots (Figures 82> 83> 84 and 85) are also plotted the JPL 
Handbook data for an 8-mil 10 n-cm BSF cell for comparison. The normalized 
Igj. curve shows that there is an additional 3-4% loss compared to the 
bare cell data. This additional 3-4% loss is attributed to darkening 
in the 93-500 cover material. The normalized voltage data compares well 
indicating no unusual electron effects in the cell itself. Tables 23A and 
23B contain the tabulated data and Figure 86 shows a typical pre- and 
post-test I-V curve?. The sample temperature during the irradiations 
ranged from 50°C to 54®C. 
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NORMALIZED F.F. NORMALIZED Pmx 
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•From JPL Handbook 
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FLUENCE €E/CM^5 

FIGURE 84. D SERIES ELECTRON IRRADIATION IN-8ITU 



FIGURE 85. D SERIES ELECTRON IRRADIATION IN-SITU 


D1 80-26590- 
121 



TftBLE 23a TRBIAJ^TCO 0 SltXfci Data - ELECTRON IRRaDJflTION 
D SERIES ELECTRON IRRRDIflTION EX-SITU 



TEMP. <0: 

25 RREFI : 4. 

INTENSITY l^KfiMe 


Leve 1 
Number 

RVERRQE 

Isc/Isco 

flVERRQE 
Voc / Voc o 

RVERflOE 

Pmx/Prn.xo 

RVERRGE 
F. F /F. F. o 

8 

1 

1. 000 
0. 724 

1. 000 
0. 776 

1. 000 
0. 541 

1 000 
0. 964 



D SERIES 

ELECTRON IRRROIRTION IN-SITU 



TEMP <C> ; 

25 RRER : 4. 

INTENSITY 1*RM0 


L€'V€‘ 1 

fiVERROE 

RVERRGE 

RVERRGE 

RVERRGE 

Number* 

I C ' I £ C O 

Voc /Voco 

Prnx.-’Pri'ixo 

F. F. 7F. F. o 

0 

1. 000 

1. 000 

1. 000 

1. 000 

1 

0. <c;>68 

0 857 

0. 750 

1. 008 

V’ 

0. 836 

0. 837 

C. 702 

1. 002 


0. S35 

0. 838 

708 

1. 012 

4 

0. 744 

0. 792 

0, 586 

0. 994 

cr 

0 750 

0. 794 

0. 591 

0. 992 

r> 

0. 701 

0. 768 

0. 532 

0. 989 

i 

V3. 693 

0. ?’7G 

0. 531 

0. 98 1' 




D SERIES ELECTRON 

IRRRDIRTION 

EX-SITU 




TEMP. 

<C>; 25 

RRER 

4 INTENSITY 1+RM0 




Level 

liC 

I sc.-' 

Voc 

Voc/ 

Pmx 

Pmx/ 

r 1..11 

F. F. / 

roer 

Number 

< ruR > 

0 

U 

Cmv: 

Voco 

<! mW > 

Prnxo 

Fac. 

F •. o 

501 

0 

150 7 

1, 000 

601. 1 

1. 000 

69. 36 

1. 000 

0. 765 

X. 000 

502 

0 

154. 7 

1. 000 

605 3 

1. 000 

72. 07 

1, 000 

0 770 

X. VJ00 

503; 

0 

149. 7 

1. 000 

581. 8 

1. 000 

67. 41 

,t 000 

0. 774 

1 000 

504 

0 

152. 7 

1. 000 

608. 3 

1. 000 

71. 03 

1. V30V3 

0. 765 

1. 000 

505 

0 

153. 3 

1. 000 

608. 4 

1. 000 

72. 51 

1. 000 

0. 778 

1. 000 

501 

1 

108. 7 

0. 721 

465. 3 

0. 774 

37. 48 

0. 540 

0. 741 

0, 968 

502 

1 

111. 2 

0. 718 

466. 5 

0. 771 

38. 73 

0. 537 

0. 747 

0. 971 

50S 

1 

109. 2 

0. 730 

465. 9 

0. 801 

37. 63 

0 558 

0. 739 

0, 955 

504 

1 

111, 0 

0. 727 

466 0 

0. 76t. 

33. 08 

0. 536 

0. 736 

0. 963 

505 

1 

111. 1 

0. 725 

466. 5 

6i. 767 

38. 80 

0. 535 

0. 749 

0. '963 


D18«-2659e-l 

122 
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TEMP 

i.C> 

; 25 

RREft 

: 4 

^ INTENSITV l^flMO 




Ser ial 

Level 

Isc 

Isc/ 

Voc 

Voc7 

Pmx 

PmXf'’ 

Fill 

F. 

F. 7 

Number 

Nuriiber 

rnft > 

Is 

CO 

';rinV> 

Voco 

< mW > 

Pmxo 

Fac . 

F. 

F, 0 

501 

0 

128. 

5 

1. 

000 

595. 

9 

1. 

000 

57. 94 

1. 

000 

0. 757 

1. 

000 

502 

0 

131. 

3 

1. 

000 

596. 

1 

1. 

000 

59. 00 

1. 

000 

0. 754 

1. 

000 

503 

0 

129. 

0 

1. 

000 

572. 

7 

1. 

000 

56. 04 

1. 

000 

0. 758 

1. 

000 

504 

0 

132. 

7 

1. 

000 

595. 

9 

1. 

000 

59. 33 

1. 

000 

0. 750 

1. 

000 

505 

0 

132. 

6 

1. 

000 

598. 

0 

1. 

000 

60. 60 

1. 

000 

0 764 

1. 

000 

501 

1 

110. 

1 

0. 

357 

510. 

1 

0. 

856 

42. 53 

0. 

734 

0. 757 

1. 

000 

502 

1 

114. 

8 

0. 

375 

507. 

0 

0. 

350 

44. 73 

0. 

758 

0. 769 

1. 

019 

503 

1 

113. 

3 

0. 

378 

506. 

5 

0. 

884 

42. 62 

0. 

778 

0. 760 

1. 

002 

504 

1 

115. 

5 

0. 

370 

504. 

2 

0. 

846 

44. 05 

0. 

742 

0. 756 

1. 

008 

505 

1 

114. 

3 

0. 

882 

505, 

6 

0. 

845 

44. 65 

0- 

737 

0. 772 

1. 

011 

501 

“i 

c. 

106. 

2 

0. 

327 

498. 


6. 

8-S r 

40. 20 

6. 

694 

0. 759 

1. 

003 

502 

2 

110. 

0 

0. 

338 

495. 

5 

0. 

831 

41. 48 

0. 

703 

0. 761 

1. 

009 

502 


109. 

C‘ 

0. 

846 

495. 

6 

0- 

865 

41. 18 

0. 

735 

0. 761 

1. 

003 

504 


110. 

3 

0. 

835 

493. 

0 

0. 

827 

40. 88 

6. 

689 

0. 748 

0 

997 

505 

cl' 

110. 

8 

0 

834 

493. 

3 

0. 

82 5 

41. 69 

0. 

688 

0. 764 

1. 

000 

501 

-r; 

105. 

Q 

0. 

824 

502. 

1 ' 

0. 

844 

40. 82 

6. 

704 

0. 767 

1. 

013 

502 


110. 

5 

0 

842 

500. 

8 

0 

840 

42. 24 

0. 

716 

0. 764 

1. 

013 

503 

— ■ 

0. 

0 

0. 

000 

0. 

0 

0. 

000 

0. 00 

0. 

000 

0. 000 

0. 

0001 

504 


111. 

0 

0. 

33-6 

496. 

9 

0. 

834 

42. 00 

0. 

708 

0. 762 

1. 

015 

505 


110. 

Cl 

0. 

837 

499. 

8 

0. 

836 

42. 59 

0. 

703 

0. 768 

1. 

005 

501 

4 

94. 

1 

0. 

737 

474. 

Cl 

0. 

797 

33. 60 

0. 

530 

0. 752 

0. 

993 

502 

4 

98. 

S 

0. 

749 

473. 

4 

0. 

"i ^ 

34. 85 

0. 

591 

0. 749 

0. 

993 

50Z- 

4 

0- 

0 

0. 

000 

0. 

0 

0. 

060 

0. 00 

0. 

060 

0. 000 

0. 

000 

504 

4 

99. 

j*. 

0. 

749 

463. 

Q 

0. 

787 

35. 13 

0. 

592 

0. 754 

1. 

005 

505 

4 

*39. 

0 

0. 

7 46 

471. 

5 

0. 

7S3 

35. 14 

0. 

580 

0. .’53 

0. 

985 

501 

C" 

95 

r'l 

0. 

745 

475. 


0. 

797 

ZCv 80 

0. 

cr t*-T 
C* ~- 

0. 743 

0. 

982 

502 

5 

98. 

4 

0. 

750 

474. 

2 

0. 

795 

35 15 

0 

596 

0. 753 

0. 

999 

503 

5 

0. 

0 

0. 

000 

0. 

0 

0. 

000 

0. 00 

0. 

006 

0 0010 

0 

060 

504 

5 

100. 

0 

0. 

754 

471. 

2 

0. 

791 

35. 32 

0 

595 

0. 749 

0. 

999 

505 

5 

99. 

s 

0. 

753 

473. 

3 

0. 

793 

35. 70 

0. 

58'3 

0. 755 

0. 

y y 0 

501 

iS 

88. 

9 

0. 

692 

461 

2 

0. 

774 

30. 76 

0. 

531 

0. 751 

0. 

992 

502 

•s 

92. 

t' 

0. 

707 

458. 

3 

0. 

769 

3'1. 63' 

0 

536 

0. 744 

0. 

987 

563 

6 

0. 

0 

0. 

000 

0. 

0 

0. 

006 

0. 00 

0. 

000 

0. 000 

0. 

000 

504 

t» 

93. 

9 

0. 

708 

455. 


0. 

764 

31. 75 

0. 

535 

0. 742 

0. 

989 

505 

b 

92. 

i"" 

0. 

699 

457. 

8 

0 

765 

31. 98 

0. 

52S 

0. 754 

0. 

986 

501 

1 

88. 

i'‘ 

0 

690 

461. 

2 

0 

774 

30. 45 

0. 

526 

0 744 

0. 

98^3- 

502 

1 

91 

o 

0. 

700 

459. 

4 

0. 

771 

31. 45 

0. 

533 

0. 746 

0. 

939 

503 

i' 

0 

0 

0. 

000 

0. 

0 

0. 

000 

0. 00 

0. 

000 

£1. 000 

0. 

000 

504 

>■' 

93. 

er 

0. 

704 

456. 

r' 

0. 

766 

31. 66 

0. 

534 

0. 742 

0. 

989 

505 

I' 

92. 

i 

0. 

699 

459 

1 

0. 

768 

32. 12 

0. 

530 

0. 755 

0. 

988 
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CURRENT CMA> 


S/N « 

501 

LEVEL 

0 

1 

TEMP. 

25 C 

ZSCCMA> . 

150.7 

108.7 

AREA. 

4 CM^2 

VOCCMV> . 

601 .1 

465.3 

INT. . 

1»AM0 

PMAXCMU) t 

60.4 

37. S 



F.F. 

0.765 

0.741 



FIGURE 86 
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POWER CMW> 



6.6.2 Proton Irradiation 

Cracks started to show in the 93-500 used as a cover after 
14 2 

3 X 10 p/cm without any thermal cycling. The rest of the proton 
fluence and thermal cycling caused further cracking until the 93-500 was 
full of small cracks. It appears that the 93-500 hardened in the proton 
beam then cracked due to the stress of thermal cycling. The summary 
plots (Figures 87. 88. 89 and 90) show the affects of protons getting 
through the 93-500 where there were cracks. This result makes the 93-500 
a poor choice as a cover. Figure 91 is a photograph of a 0 Series 
samples showing the cracks. The tabulated data is contained In Tables 24A 
and 24B and Figure 92 is a pre- and post-test I-V curve. A temperature 
range of 53“C to 56®C was recorded for the samples during the irradiations. 
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NORMALIZED Voo NORMALIZED Imo 



FIGURE 87. 0 SERIES PROTON IRRADIATION IN-SITU 
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TfiBLE 24a TRBULUTEO D SERIES OflTR - PROTON IRRfiDIfiTION 



D SERIES 
TEMP. <C> 

PROTON IRRRDIRTION EX-SI TU 

25 RRER: 4. INTENSITY l^RMO 


Level 
NuntOe r 

RVERRGE 

I5C/I5CO 

RS'ERRGE 
Voc /Voc o 

RVERRGE 

Pm.N.'PmKo 

RVERRGE 
F. F. /F F 

0 

1 

1 000 

0. i ' i r' 

1. 000 
0. 645 

1. 000 
0. 366 

1. 000 
0. 729 



D SERIES 

PROTON I RRRD I RT 1 ON I N- SITU 



TEMP >:c • 

25 RRER: 4 

INTENSITY 1*RM0 



RVERRGE 

RVERRGE 

UVERRGE 

RVERRGL 

Number" 

I ^ L .* i S c o 

Voc. 'Voc o 

F'fii.x.-'Fn>;>;c> 

F F . F F 

0 

1. 000 

1 000 

1 000 

1 000 

1 

0. 928 

0. 807 

£< 633 

0 . y 6 

•=^* 

0 942 

0. 813 

0. 64? 

ti 833 


0. 627 

0. 627 

0. 293 

0 74i’ 

4 

0, 644 

0. 628 

0 301 

0 741 


[;• SERIES PROTON IRRRDIftTION EK-SITU 
TEMP CC..*: 25 RRER ; 4 INTENSITY l+RMO 


r va 1 

Level 

Isc 

Isc,- 

Voc 

Voc 

Prrtx 

Pni.x.' 

F 1. 1 1 

F 

F. 

Number 

Number 

<iftR> 

Isco 

<mV> 

Voco 

<roW 

PfiT.XC' 

Fac 

F. 

F o 

506 

0 

151. 9 

1. 000 

603. 8 

1 000 

70. 22 

1. 000 

0. 765 

1 

000 

507 

0 

152. 9 

1. 000 

600. 9 

1. 000 

70. 6£i 

1. 000 

0. 76S 

1 

000 

50S 

0 

0. 0 

0 000 

0. 0 

0. 000 

0. 00 

0. 000 

0 000 

0 

000 

509 

0 

154. 6 

1. 000 

599 7 

1. 000 

69. 14 

1. 000 

0. 7 46 

1 

000 

510 

0 

153. 0 

1 000 

588. 2 

1. 000 

69. V30 

1. 000 

0. 767 

1 

000 

506 

1 

127. 3 

0. 838 

405. 7 

0 672 

28. 38 

0 411 

0 559 

0 

731 

507 

1 

ill. 5 

0. 729 

374. 4 

0. 623 

22. 54 

0. 319 

0. 540 

0 

707 

508 

1 

76 3 

0. 000 

350. 8 

0. 000 

13. 06 

0. 000 

0. 485 

0 

000 

509 ♦ 

1 

94. 4 

0. 610 

359. 2 

0. 599 

17. 86 

e. 258 

0. 527 

0 

707 

510 

1 

117 0 

0. 765 

376. 4 

0 640 

25. 41 

0 368 

0 577 

0. 

752 


♦NOT INCLUDED IN fiVERRGE 
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TRBLE 24B. TflpULRTED D SCRIES DATA - PROTON IRRADIATION 


D SERIES PROTON IRRADIATION IN-SITU 
TEMP. <C>: 25 AREA: 4 INTENSITY 1>^RM0 


Ser ia 1 

Level 

Isc 

Ssc/ 

Voc 

Voc/ 

Pmx 

Pmx/ 

Fill 

F. 

F. / 

Number 

Number 

<mA> 

Isco 

<»V> 

Voco 


Pmxo 

Fcic. 

F. 

F. o 

506 

0 

122. 

7 

1. 

000 

601. 

3 

1. 

000 

56. 

73 

1. 

000 

0. 

769 

1. 

000 

507 

0 

117. 

9 

1. 

000 

608. 

4 

1 

000 

55. 

52 

1. 

000 

0. 

774 

1. 

000 

508 

0 

120. 

9 

1. 

000 

606. 

2 

1. 

000 

56. 

87 

1. 

000 

0. 

776 

1. 

000 

509 

0 

121. 

Q 

1. 

000 

606. 

5 

1. 

000 

54. 

99 

1. 

000 

0. 

744 

1. 

000 

510 

0 

122. 

2 

1. 

000 

594. 

8 

1. 

000 

56. 

12 

1. 

000 

0. 

772 

1. 

000 

506 

1 

118. 

9 

0. 

969 

533. 

9 

0. 

888 

41. 

67 

0. 

734 

0. 

656 

0. 

853 

507 

1 

112. 

6 

0. 

955 

524. 

8 

0. 

863 

41. 

72 

0. 

751 

0. 

706 

0. 

912 

508 

1 

102. 

5 

0. 

846 

436. 

2 

0. 

720 

26. 

11 

0. 

459 

0. 

585 

0. 

754 

509 

1 

108. 

6 

0. 

890 

442. 

6 

0. 

730 

28. 

52 

0. 

519 

0, 

594 

0. 

798 

510 

1 

119. 

4 

0. 

977 

496. 

0 

0. 

834 

39. 

39 

0. 

702 

0. 

665 

0. 

862 

‘506 

2 

120. 

1 

0. 

979 

539. 

2 

0. 

897 

42. 

74 

0. 

753 

0. 

660 

0. 

858 

507 

2 

114. 

8 

0. 

974 

532 

8 

0. 

876 

43. 

00 

0. 

774 

0. 

703 

0, 

90S 

508 

2 

105. 

3 

0. 

871 

436. 

2 

0. 

720 

26. 

60 

0. 

468 

0. 

579 

0. 

746 

509 

c- 

110. 

3 

0. 

904 

444. 

3 

0. 

733 

28. 

95 

0. 

527 

0. 

591 

0. 

795 

510 

-•% 

120. 

6 

0. 

987 

501. 

3 

0. 

843 

39. 

93 

0. 

711 

0. 

661 

0. 

856 

506 


81. 

9 

0. 

668 

387. 

0 

0. 

644 

18. 

05 

0. 

318 

0. 

570 

0. 

740 

507 

“> 

66. 

6 

0. 

564 

367. 

6 

0. 

604 

13. 

70 

0. 

247 

0. 

560 

0. 

724 

508# 


45. 

1 

0. 

373 

346. 

8 

0. 

572 

7. 

91 

0. 

139 

0. 

506 

0. 

652 

509.^^ 


60. 

6 

0. 

497 

357. 

9 

0. 

590 

11. 

54 

0. 

210 

0. 

532 

0. 


510 


79. 

5 

0. 

650 

377. 

5 

0. 

635 

17. 

67 

0. 

315 

0. 

589 

0. 

7€*S 

506 

4 

83. 

5 

0. 

681 

387. 

3 

0. 

644 

18. 

44 

0. 

325 

0. 

570 

0. 

741 

507 

4 

69. 

0 

0. 

585 

368. 

9 

0. 

606 

14 

20 

0. 

256 

0. 

557 

0. 

720 

508 • 

4 

47. 

3 

0. 

391 

346. 

6 

0. 

572 

8. 

21 

0. 

144 

0. 

501 

0. 

645 

509 » 

4 

62. 

O 

c. 

0. 

510 

356. 

6 

0. 

588 

11. 

97 

0. 

218 

0. 

540 

0. 

726 

510 

4 

81. 

4 

0. 

666 

377. 

5 

0. 

635 

18. 

04 

0. 

321 

0. 

587 

0. 

760 


♦NOT INCLUDED IN AVERAGE 
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OilQIMJIL PAGE fS 

OF POOR QUALITY 




CURRENT CMA> 


S/N > 507 
TEMP. 25 C 
AREA. 4 CM-^2 
INT . . t »AM0 

200 


LEVEL 
ISCCMA> 
VOCCMV> 
PMAXCMW> 
F.F. 


0 

152.0 

600.9 

70.6 

0.768 


111.5 
374.4 
22.5 
0.540 




0 100 

200 300 400 500 600 700 

D SERIES 

VOLTAGE CMV> 

FIGURE 92 

PROTON IRRADIATION EX-SITU 

0180-26590-1 


POWER CMW> 



6.6.3 UV Exposure 

The degraded by 1 % to 14% from 1000 ESH to 8760 ESH. 

The loss was caused by either one or a combination of the darkening 
of the DC 93-500 or contamination during the UV exposure. Figures 
93, 94, 95 and 96 are the summary plots and Tables 25A and 25B are 
the tabulated data. Figure 97 shows a typical pre- and post- test 
I-V curve. The sample temperature thermocouple failed during the first 
part of the exposure. 
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NORHALIZCD F.F. NORNALIZED Pmx 



A 


EXPOSURE CESH3 

t’lGURE 95. 0 SERIES UV IRRADIATION IN SITU 



ti 

EXPOSURE CESH> 


FIGURE 06. 0 SERIES UV IRRADIATION IN SITU 
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T«BLE 2M. TABULATED D SMXES DftTB - UV IR1WDIRTI0N 


D SERIES UV IRRADIATION EX-SITU 
TEMP. <;C>: 25 AREA: 4. INTENSITY AM© 


Lis' 1 

Nuriiber 

0 

1 


AVERAGE 
l c / 1 s c o 

1. 800 
0. 88i 


AVERAGE 
Voc /Voc cj 

1, 080 
1 . 021 


AVERAGE 

AVERAGE 

Pmx/Pmxo 

F. F. /F, F, o 

e 


1. 000 

1. 008 

0. 907 

1. 006 



D SERIES 

UV IRRADIATION 

IN SITU 



TEMP. <C;:>. 

25 AREA : 4. 

INTENSITY 1+AM0 


Le'-ye L 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Nurnber' 

Isc/Isco 

Voc /Voc o 

PfrtX/PWXO 

F. F. /F. F 

6 

1. 000 

1. 000 

1. 000 

1. 080 

1 

0, 924 

0. 99? 

0. 917 

0 995 

iZ’ 

0. 933 

0. 99? 

0. 923 

0. 992 


0. 390 

0. 992 

0. 873 

0. 989 

4 

0. 893 

0. 3SS 

0. 884 

0. 9:94 

5 

0 864 

1. 014 

CO 

0 986 

b 

0 858 

1, 014 

0. 8fc«4 

£i. 993 


b SERIES UV IRRADIATION EX’-SITU 

TE MR. O;: :' ; 25 AREA. 4 INTENSITY 1*AM0 


Ser i. al 

Levs 1 

Is 

|- 

Is.:;/ 

Voc 


Voc/ 

Fni:> 


Pnv.K.'’" 

Frll 

F. F. / 

Nufrit"=r 

Numbe'r 

'! m R > 

T -■ o 

<fnV> 

Voco 

< rnW > 

F'fi'cxc. 

F.1C. 

F. F. o 

511 

£< 

152 

. 3 

1. 000 

611. 

S 

1. 

000 

?0. 

64 

1. 000 

0. 

755 

1, 000 

512 

0 

153 

. 4 

1. 000 

610. 

0 

1. 

000 

69. 

67 

1. 000 

0. 

745 

1. 000 

513 

0 

151 

. 5 

1. 000 

610. 

1 

1. 

000 

68. 

37 

1. 000 

0. 

745 

1. 000 

514 

0 

151 

. C‘ 

1. 000 

609. 

1 

1. 

000 

69 

11 

1. 000 

0. 

747 

1. 000 

515 

0 

155 

. 4 

1. 000 

611. 

5 

1. 

000 

70. 

92 

1. 000 

0. 

746 

1. 000 

511 

1 

131 

. 4 

0. 860 

626. 

1 

1, 

023 

62. 

02 

0. 878 

0. 

754 

0. 998 

512 

1 

13c 

. y 

0. 892 

622. 


1. 

020 

64. 

03 

0 919 

0. 

752 

1. 010 

513 

1 

134 

. 4 

0. 887 

624. 


1. 

023 

63. 

0S 

0. 916 

0 

7^52 

1. 009 

514 

1 

131 

. €• 

0 367 

623. 

4 

1 

023 

61. 

20 

0. 935 

0. 

746 

0. ;998 

515 

1 

139 

f 

0, 899 

628. 


1 

027 

66. 

46 

0. 937 

0 

757 

1. 015 
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Tf«LC ^tm. TfieULATED 0 SERIES DATR - UV IRRRDIRTION . 




D SERIES UV 

IRRflDIFITION 

IN SITU 








TE MP. 

<C) 

: 25 

flRER 

A 

INTENSITY l*t«flM0 




Serial 

Level 

Is c 

Is 


Voc 

Voc/ 

Pmx 

Pmx/ 


F. 

Number 

Number 

<rri R> 

I £ c o 

<mV> 

Voco 

<mN> 

Pmxo 

-ac. 

F. 

511 

0 

150. 7 

1. 

000 

613. 

5 

1. 

000 

70. 

28 

1. 

000 

0. 

760 

1. 

512 

0 

151. 1 

1. 

000 

613. 

2 

1. 

000 

69. 

74 

1. 

000 

0. 

752 

1. 

513 

0 

148. S 

1. 

000 

613. 

? 

1. 

000 

67. 

77 

1. 

000 

0. 

742 

1. 

514 

0 

150 . 1 

1. 

000 

610. 

3 

1. 

000 

68. 

82 

1. 

000 

6. 

751 

1. 

515 

0 

154 . 5 

1. 

000 

618. 

7 

1. 

000 

71. 

04 

1. 

000 

0. 

743 

1. 

511 

1 

1 3 1'' . 3 

0. 

911 

611. 

s 

0. 

997 

63. 

00 

0. 

896 

0. 

751 

0. 

512 

1 

140. 2 

0. 

928 

611. 

0 

0. 

996 

63. 

50 

0. 

911 

0. 

741 

0, 

513 

1 

138. 6 

0. 

932 

611. 

5 

0. 

996 

62. 

84 

0. 

Q**" "7 

0. 

741 

0. 

514 

1. 

138 . 3 

0. 

921 

609. 

9 

0. 

999 

63. 

15 

0. 

918 

0. 

749 

0. 

515 

1 

143 . 7 

0. 

930 

615. 

C-. 

0. 

994 

66. 

27 

0. 

933 

0. 

749 

1. 

511 

2 

138 . 9 

0. 

922 

612. 

4 

0. 

998 

63. 

43 

0. 

903 

0. 

746 

0. 

512 

2 

142 . 1 

V*. 

940 

610. 

0 

0. 

995 

64. 

28 

0. 

922 

0. 

741 

0. 

513 

2 

140 0 

0. 

941 

612. 

0 

0. 

997 

63. 

95 

0. 

944 

0. 

746 

1. 

514 

2 

139. 2 

0. 

927 

610. 

0 

0. 

999 

62. 

69 

0. 

911 

0. 

738 

0. 

515 

cl 

144. 7 

0. 

937 

614. 

8 

0. 

994 

66. 

52 

0. 

936 

0. 

748 

1. 

511 

""c 

132. 1 

0. 

876 

609. 

7 

0. 

994 

60. 

25 

0. 

857 

0. 

?48 

•£.*. 

512 

3 

136. 2 

0. 

901 

607. 

1 

0. 

990 

61. 

24 

0. 

878 

0. 

741 

0. 

513 


133 . 7 

0. 

899 

610. 

0 

0. 

994 

60. 

22 

0 

889 

0. 

72'£i 

0. 

514 

s 

131 . 2 

0. 

874 

605. 

9 

0. 

993 

58. 

42 

y. 

849 

0. 

735 

0. 

515 

S 

139. 1 

0. 

901 

611. 

<, 

0. 

988 

63. 

43 

0. 

893 

0. 

746 

1. 

511 

4 

133. 0 

0. 

882 

612. 

0 

0. 

998 

61. 

34 

0. 

873 

0. 

754 

0. 

512 

4 

135. 7 

0. 

898 

609. 

s 

0. 

994 

61 

92 

0. 

883 

0. 

748 

0. 

513 

4 

133 4 

0. 

897 

611. 

T;' 

0. 

996 

61. 

04 

0. 

901 

0. 

749 

i. 

514 

4 

131 . 0 

0. 

873 

609. 

5 

0. 

999 

59. 

48 

0. 

8t>4 

0. 

745 

0, 

515 

4 

141 . 3 

0. 

914 

616. 

1 

0. 

996 


59 

0. 

895 

0 

731 

0. 

511 

ET 

.Jt 

127. 1 

0. 

843 

623. 

8 

1. 

01? 

59. 

67 

0. 

849 

0. 

753 

v3. 

512 

5 

133 . 2 

0. 

881 

620. 

8 

1. 

012 

60. 

41 

0. 

866 

0. 

731 

0. 

513 

5 

130 . 6 

0. 

878 

622. 

y 

1. 

014 

59. 

46 

0. 

877 

0. 

732 

0. 

514 

5 

124. 7 

0 

831 

619. 

8 

1. 

016 

57. 

98 

0. 

842 

0. 

750 

0 

515 

5 

136. 8 

0. 

885 

624. 

9 

1. 

010 

62. 

70 

0. 

383 

0. 

■;='34 

0. 

511 

6 

126 . 3 

0. 

838 

623. 

4 

1. 

016 

58. 

84 

0. 

827 

0. 

740 

0 

512 

6 

131. 7 

0. 

871 

620. 

2 

1. 

011 

60. 

82 

0. 

872 

0. 

745 

0. 

513 

6 

129. 7 

0. 

872 

622. 

3 

1. 

014 

59. 

69 

0. 

881 

0. 

739 

0. 

514 

6 

126 . 0 

0 

840 

619. 

7 

1. 

015 

58. 

38 

0. 

348 

0. 

748 

0. 

515 

6 

134. 6 

0. 

871 

626. 

1 

1. 

012 

62. 

54 

0. 

880 

0. 

742 

0. 
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CURRENT <MA> 


S/N • 

6t2 

LEVEL I 

e 

1 

TEMPI 

25 C 

ISCCMA> 1 

153.4 

136.6 

AREA! 

4 CM^ 

VOC<MV> « 

610. e 

622.3 

INT.i 

1<»AM5 

PHAXCMW> I 

60.7 

64.0 



F.F. 1 

0.745 

0.752 



FIGURE 97. 

D SERIES UV IRRADIATION EX-SITU 
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POWER <MW> 



6.7 E SERIES CELLS 

(Spectrolab 10-mil 10 n-cm series 4500 (K 4 1/2) cell, 2-mils of 
GE 615/UV-24 as a cover, no backing and no adhesive.) 


6.7.1 Electron Irradiation 


Figures 98, 99, 100 and 101 show the test parameter versus fluence 
and plotted with it are data from Spectrolab for similar HESP cells 
(Type 2 and 8) (see Table 26). The HESP cells differ in thickness but 
the values used bracket the E-Series cell. The agreement indicates that 
there was no significant darkening of the GE 615/UV24. Tables 27A and 
27B contain the tabulated data and Figure 102 is a typical pre- and 
post-test I-V curve. The sample temperature during the irradiations were 
between 55“C and 57°C. 


TAB 


E 26. SUMMARY OF HESP CELL DATA* 



1 > 

10^^ e/cm^ 

1 

X 10^^ e/cm^ 




Pmy 

mx 

'sc 

''oc 

Pmy 

mx 


^sco 

^oco 

p 

mxo 

^sco 


p 

mxo 

HESP HYBRID TYPE 2 
12 mil 10 ii-cm 

0.86 

0.92 

0.77 

0.74 

0.84 

0.58 

TYPE 8 

8 mil 10 iJ-cm 

0.87 

L. , 

0.93 

0.80 

0.75 

0.85 

0.61 


♦Taken from High Efficiency Solar Panel Report No. AFAPL-TR-722-36 by 
Spectrolab, Inc. 
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NORMALIZED Voo NORMALIZED I«o 



lA" .A® ,A® 


FLUENCE CE/CM^23 

FIGURE 96. E SERIES ELECTRON IRRADIATION IN-SITU 



iA^ ,A» 


FLUENCE CE/CM''23 

FIGURE 99. F SERIES ELECTRON IRRADIATION IN-SITU 
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T«BLE 27fi. TftBUtnTED E SERIES DWTR - 1LICT1I0N IRfWDIflTION 


E SERIES ELECTRON IRRflDIfiTION EXSITU 
TEMP. <C>. 25 RRER; 4. INTENSITV l+flMO 


Lti Vi*€* 1 

RVERRQE 

RVERRCjE 

RVERRQE 

RVERfiGE 

NLUilb^r r 

I S ’ 1 5 C O 

Voc/Voco 

Pmx/Pmxo 

F. F. /F. F. o 

u 

1. 000 

i 000 

1. 000 

1 000 

■ i 
.1. 

0 V'35 

0 840 

0. 'S-s4 

0. 962 


E SERIES ELECTRON IRRRDIRTION IN-SITIJ 



TEMP. <C.>: 

25 RREA; 4. 

INTENSITV l+flM0 


Lev.*e 1 

RVE RRQE 

RVERRGE 

AVERAGE 

AVERAGE 

Number 

I sc/ I SCO 

Voc / Voc o 

Pmx/Pf»i,xo 

F. F. /F. F 

0 

1. 000 

1. 000 

1. 000 

1. 000 

1 

0. 916 

0. 940 

0. 846 

0. 983 

2 

0. S84 

0. 919 

0. 793 

0 976 


0. 872 

0. 944 

0. 81? 

0 994 

4 

0. 773 

0. 890 

0. 672 

0 976 

5 

0. 770 

0. 894 

0. 675 

0 981 

6 

0. 754 

0. 865 

0. 633; 

0, 970 

r 

0. 749 

0, 866 

0. 630 

0. 971 


E SERIES ELECTRON IRRRDIfiTIuN EXSITU 




TEMP 

<C> : 25 

AREA 

4 

INTENSITV 

1+AM0 




r T u 1 

Le'./.i 1 

Isc 

Is-c/ 

Voc 

Voc . ' 

Pmx 

Pmx. ' 

FvU 

F 

F .* 

Number 

Number 

<■ riiR > 

ISO". 

<tnV> 

Voco 

< m W > 

Pmxo 

Fcic . 

F 

F 0 


0 

145. 3 

1 000 

554 4 

1, 000 

60 78 

1. 000 

0. 754 

1 

000 


0 

149. 3 

1 t)00 

550 5 

1. 000 

63. 33 

1. 000 

0. 776 

1 

000 


0 

146. 5 

1. 000 

549 1 

1 000 

61. 13 

1 000 

0. 760 

1 

OfilO 

Gb4 

0 

144. 9 

1 000 

549. 5 

1 000 

62. 59 

1. 000 

El >■' 86 

1 

000 

60r« 

0 

145 9 

1 000 

549. 9 

1. 000 

63. 15 

1. 000 

0 787 

1 

000 

^9 01 

1 

111. 8 

0 769 

467 7 

0. 843 

39. 3o 

0, 647 

0. 753 

0 

990 

602 

1 

118 8 

0 793 

461. 1 

0, 338 

40. 39 

0 631 

0 738 

0. 

951 

r*02 

i 

115 9 

0. 791 

461 3 

0 840 

39. 26 

0. 642 

0 734 

0. 


r:>04 

1 

113. 5 

0 783 

459. 8 

0. 837 

39. 30 

0, 628 

0 733 

0 

950 

^r-0^. 

1 

115 0 

0. 738 

461 9 

0 340 

39 26 

0, 622 

0 7 3 ;; 9 

0 

9 - 9 
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TR8LE 27t. IRBULATED E SCRIES ORTR - ELECTRON IRRRDIRTION 


E SERIES ELECTRON IRRADIATION IN-SITU 
TEMP. <0: 25 AREA: 4 INTENSITV 1+AMO 


Ser VQ 1 

Level 

Is c 

I C ■ 

Voc 

Voc / 

Pmx 

Pmx/ 

FUl 

F. 

F. / 

Nuniber 

Number 

■s m A > 

I S CO 

< ni V > 

Voco 

<mU> 

Pmxo 

Fac. 

F. 

F. o 

601 

0 

123 . 5 

1. 

000 

545. 9 

1. 

000 

52. 

35 

1. 

000 

0. 

776 

1. 

000 

602 

0 

130. 1 

1. 

000 

526. 4 

1. 

000 

53. 

01 

1. 

000 

0. 

774 

1. 

000 

603 

0 

126 . 4 

1. 

000 

531. 7 

1. 

000 

50. 

62 

1. 

000 

0. 

753 

1. 

000 

604 

0 

126 . 5 

1. 

000 

541. 2 

1. 

000 

53. 

72 

1. 

000 

0. 

785 

1. 

000 

605 

0 

126' . S 

1. 

000 

535. 5 

1. 

000 

53. 

85 

1. 

000 

0. 

781 

1. 

000 

601 

1 

111. 7 

0. 

904 

512. 5 

0, 

939 

43. 

1 ' r 

0. 

836 

0. 

765 

0. 

985 

602 

1 

IIS . 5 

0. 

918 

495. 3 

0. 

941 

45. 

10 

0. 

851 

0 

762 

0. 

984 

603 

1 

116 . 3 

0. 

920 

500. 0 

0. 

940 

"4 

24 

0. 

854 

0. 

744 

0. 

987 

604 

1 

116 . 2 

0. 

919 

509. 8 

0. 

942 

45. 

30 

0. 

843 

0. 

765 

0. 

975 

605 

1 

118. 1 

G. 

917 

502. 6 

0. 

939 

45. 

59 

0. 

847 

0. 

768 

0. 

982 

601 


107 . 5 

0. 

870 

502. 9 

0. 

921 

40. 

73 

0. 

i‘ 7y 

0. 

734 

0 

971 

602 


116 . 3 

0. 

894 

484. 8 

0. 

921 

42. 

44 

0. 

801 

0. 

753 

0 

972 

603 


112 . 3 

0. 

888 

488, 4 

0. 

918 

40. 

46 

0. 

799 

0. 

738 

0. 

980 

604 

o 

c. 

111. 2 

0, 

879 

497. 2 

0. 

919 

42. 

64 

0. 

794 

0. 

771 

0. 

982 

605 

2: 

114 . 3 

0. 

887 

491. 4 

0. 

918 

42. 

62 

0, 

791 

0. 

759 

0. 

972 

601 


1016 3 

01 

8601 

511. 9 

0. 

938 

41. 

93 

0. 

801 

0. 

771 

6. 

993: 

602 


113. 7 

0 

874 

505. 4 

0. 

960 

44. 

31 

0. 

826 

0. 

771 

0. 

996 

603 


110 . 9 

0. 

Si‘’ i" 

501. 6 

0 

943 

41. 

65 

0. 


0. 

749 

0. 

995 

604 

j.*. 

110, 5 

0. 

874 

504. 4 

0. 

932 

43. 

50 

0. 

810 

0. 

780 

0. 

994 

605 

3 

112. 4 

0. 

873: 

506. 1 

0. 

945 

43. 

97 

0. 

817 

0 

i ‘ i'' Ji- 

0, 

990 

601 

4 

93 8 

0. 

760 

483. 3 

0. 

885 

34. 

^2 

0. 

656 

0. 

757 

0. 

97‘5 

602 

4 

100. 3 

0. 

771 

476. 6 

0. 

905 

36. 

09 

0. 

681 

0 

755 

0. 

975 

603 

4 

9£ . 7 

0. 

781 

473. 1 

0. 

890 

34. 

39 

0. 

689 

0. 

7*4 1^ 

0. 

993 

604 

4 

. 5 

0. 

779 

475 0 

0. 

878 

35. 

67* 

0. 

664 

0 

7*62 

0. 

9^1 

605 

4 

99 . 8 

01 

775 

477 4 

0. 

891 

35. 

99 

0. 

6o8 

Q 

755 

0. 

967 

601 

5 

92 . 9 

0. 

760 

485. 1 

01. 

889 

34 

45 

0 

658 

0. 

757 

0. 

975 

602 

tr 

99 . 5 

0. 

765 

478. 5 

0 

909 

56. 

49 

0 

688 

0. 

7^66 

0 

990 

603 

5 

98. 1 

01. 

77 6 

474. 9 

0. 

893 

24. 

79 

0 

687 

0 

»"4 7 

0. 

992 

604 

5 

98 . 2 

0. 

777 

476. 5 

0. 

880 

35. 

57 

0. 

662 

0. 

760 

0 

968 

605 


99 

0. 

I 1 

480. 6 

0. 

897 

26. 

52 

0. 

678 

0. 

764 

0. 

979 

601 

6 

SiK 3 

0. 

731 

470. 4 

0. 

862 

32. 

10 

0. 

612 

0. 

756 

D 

974 

602 

6 

9S 2 

0. 

»■* 6_i 

464. 3 

01. 

882 

24. 

42 

0. 

649 

0 

747 


965 

603 

6 

9t 4 

01. 

762 

459. 4 

0. 

864 

22. 

71 

0. 

646 

0. 

729 

0 

981 

604 

6 

96 . 0 

0. 

759 

461. 0 

0. 

852 

22. 

18 

0. 

618 

0 

750 

0. 

955 

605 

6 

97 4 

0. 

756 

464. 3 

0. 

867 

24 

25 

0. 

638 

0. 

759 

0. 

972 

601 

r 

89. 4 

0. 

724 

471. 1 

0 

863 

22. 

04 

0 

6x2 

0 

761 

0 

980 

602 

»’ 

9E 2 

0, 

755 

464 01 

0 

882 

34. 

20 

1 - 1 . 

645 

0 

750 

0 

969 

603 


96 4 

0. 

763 

460. 7 

0 . 

867 

22. 

60 

0. 

644 

0 

7^24 

0. 

975 

604 

i' 

9S . 5 

0. 

755 

461. 6 

0 . 

853 

23. 

51 

0 . 

624 

0 

761 

0. 

969 

605 


9fc:. 7 

0 

751 

464. 1 

0 

867 

22. 


0. 

626 

0 

751 

0. 

962 
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CURRENT CMA> 



POWER CMW> 




6.7.2 Proton Irradiation 


Cracks started to show In the GE cover material after the first 
set of thermal cycles. The rest of the proton fluence ai".d thermal cycling 
caused further cracking until the GE 615/UV-24 was full of many cracks 
similar to the D Series cells. It is clear frcin the summary plots (Figures 
103» 104,105 and 106) that the cracks ’n the cover material allowed 
protons to reach the crlls and degrade them. Figure 107 is a photograph 
of a sample after the proto.-i irradiation. The tabulated data are listed 
in Tables 28A and 283 and a pre- and post-test I-V curve is shown in 
Figure 108. During the irradiations the sample temperature v?ried from 
55"C to 56°C. 
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NORMALIZED Voo NORMALIZED Jmo 



FIGURE 103. E SERIES PROTON IRRADIATION IN-SITU 



li" l4® 


FLUENCE CP/CM^2> 

FIGURE 104. E SERIES PROTON IRRADIATION IN>SITU 
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TABLE 28fi. TfiiULflTED E SCTXES DATA - PROTON IRRADIATION 



E SERIES 
TEMP c:C> : 

PROTON IRRADIATION EX-SI TO 

25 AREA: 4. INTENSITV 1+AM0 


L. 1 

Nuniber^ 

AVERAGE 

I £ C I S C O 

AVERAGE 
Voc /Voc o 

AVERAGE 

Pmx/Pmxo 

AVERAGE 
P. F. /F. F 

k1 

.1 

1. 000 
0. 956 

1. 000 
0. 942 

1. 000 
0. 796 

1. 000 
0, ess 



E SERIES 
TEMP. ; 

PROTON IRRADIATION IN-SITU 

25 AREA; 4. INTENSITV i'+=AN0 


Leve 1 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

fkuiiber- 

I S C I s c o 

Voc /Voc o 

Pfiix/Pmxo 

F. F. /F. F. 

0 

1. 000 

1. 000 

1. 000 

i. 000 

i 

0. 990 

0. 991 

0. 950 

0. 969 


0. 991 

0, 994 

0. 957 

0. 971 


0. 816 

0. 9S1 

0. 675 

0. 888 

4 

0. y2S* 

E SERIES 
TEMP. : 

0. 9SS 0' 687 

PROTON IRRADIATION EX-SITU 

25 AREA. 4 INTENSITV 1+AM0 

0 888 


Ser ia 1 
Nurnber 

L€'V‘‘€' 1 
Nuriiber 

Isc 
rn A 

Isc/ 
I SCO 

Voc 

<rfiV;j 

Voc / 
Voco 

Prnx 
< rnW > 

PnrK/' 

Pmxo 

Fill 

Fee. 

F. F. / 
F. F. 0 

6C.16 

0 

146. 2 

1. 000 

549. 

5 

1. 000 

61. 

93 

1. 

000 

0. 771 

1. 000 

>’ 

0 

146. 4 

1. 000 

550. 

5 

1. 000 

62 

00 

1. 

000 

0. 769 

1. 000 

607 

0 

146. 4 

1. 000 

550. 

5 

1. 000 

62. 

00 

1. 

000 

0. 769 

1. 000 

60S 

0 

145. 2 

1 000 

551. 

9 

1 000 

62. 

74 

1. 

000 

0. 783 

1. 000 

609 

0 

147. 6 

1. 000 

552. 

0 

1. 000 

63. 

42 

1. 

000 

0. 778 

1. 000 

606 

1 

141. 3 

0. 970 

529. 

4 

0. 963 

52. 

55 

0. 

849 

0. 700 

0. 90S 

607 

1 

139. 1 

0. 950 

515 

0 

0. 935 

48. 

15 

0. 

777 

0 672 

0. 874 

607 

1 

139. 1 

0. 950 

515 

0 

0 935 

48. 

15 

0 

1 1 

0 . 6 1 ' 

0. 874 

60S 

1 

137. 4 

0. 946 

511. 

1 

0. 926 

47. 

00 

0 

749 

0 669 

0. 855 

609 

1 

140. 9 

0 954 

526. 


0. 953 

51. 

96 

0 

819 

0. 701 

0. 901 
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TABLE 28B. TABULATED E SERIES DATA - PROTON IRRADIATION 


E SERIES PROTON IRRADIATION IN-SITU 
TEMP, <C>: 25 AREA: 4 INTENSITV 1*AM0 


Ser ia 1 

Level 

Isc 

Is 

C / 

Voc 

Voc / 

Pm> 


Pmx/ 

FUl 

F. 

F, / 

Number 

Number 

t.mA> 

Isco 

<mV> 

Voco 


Pmxo 

Fac . 

F. 

F. o 

606 

0 

115. 0 

1. 

000 

553. 3 

1. 

000 

49. 

00 

1. 

000 

0. 

770 

1, 

000 

607 

0 

114. 7 

1. 

000 

553. 5 

1. 

000 

48. 

76 

1. 

000 

0. 

768 

1. 

000 

608 

0 

114. 8 

1. 

000 

557. 4 

1. 

000 

50. 

41 

1. 

000 

0. 

738 

1. 

000 

60S 

0 

115. 5 

1, 

000 

552. 4 

1. 

000 

50, 

42 

1. 

000 

0 . 

788 

1. 

000 

610 

0 

116. 7 

1. 

000 

557. 1 

1. 

000 

48. 

97 

1. 

000 

0. 

753 

1 

000 

606 

1 

IIS. 2 

0. 

9S4 

551, 4 

0. 

997 

47. 

53 

0. 

970 

0. 

762 

0. 

888 

607 

1 

113. 1 

0. 

986 

545. 7 

0. 

986 

46. 

01 

0. 

944 

0 . 

745 

0. 

971 

608 

1 

114. 7 

0. 

988 

552. 4 

0. 

991 

47. 

42 

0 

941 

0. 

749 

0. 

950 

608 

1 

113. 7 

0. 

Si84 

552, 6 

0. 

998 

48. 

81 

0. 

968 

0, 

r !'■ 7 

0. 

985 

610 

1 

116. 3 

0. 

986 

547. 0 

0. 

982 

45. 

48 

0. 

929 

0. 

715 

0. 

848 

606 

ci 

112. 3 

0. 

876 

552. 9 

0. 

999 

47. 

20 

0. 

863 

0. 

760 

8. 

987 

60^ 


114. 0 

0. 

893 

548. 4 

0, 

991 

46. 

*70 

1 

0. 

958 

0. 

748 

0. 

37 f 

608 

ci 

114. 2 

0. 

895 

553. 1 

0. 

992 

47. 

12 

0. 

935 

0. 

746 

0. 

847 

608 

2 

114. 7 

0. 

983 

554. 2 

1. 

001 

49. 

34 

0. 

979 

0. 

776 

0. 

884 

610 

2 

116. 6 

0. 

888 

549. 5 

0. 

986 

46. 

51 

0. 

950 

0. 

726 

0. 

864 

b06 

- 

84. 7 

0 

823 

528. 0 

0. 

954 

35. 

43 

0. 

723 

0. 

709 

0. 

821 

607 


84. 5 

6. 

824 

510. 8 

0. 

923 


44 

0. 

665 

0. 

67’2 

0 

875 

60S 

s 

81. 9 

0. 

800 

507. 9 

0. 

911 

31. 

48 

0. 

624 

0. 

675 

0. 

856 

608 

J.*- 

83. 4 

0. 

808 

522. 5 

0. 

944 

34. 

41 

0. 

682 

0. 

705 

0. 

884 

610 

- 

96. 2 

0. 

324 

512. 7 

0. 

920 

33. 

29 

0. 

680 

0. 

675 

0. 

886 

606 

4 

95. 7 

0. 

832 

523. 6 

0 

955 

35. 

75 

0 

730 

0. 

707 

0. 

818 

607 

4 

85. 8 

0. 

335 

512. 5 

0. 

926 


11 

0 . 

679 

0. 

674 

0. 

378 

60S 

4 

83. 1 

0. 

811 

510. 3 

0. 

915 

31. 

89 

0. 

633: 

0. 

671 

0. 

y52 

6018 

4 

85. 5 

0. 

827 

523 8 

0. 

947 

“;-cr 

22 

0. 

699 

0. 

704 

0. 

883 

610 

4 

87. 7 

0. 

C' Ji- 1' 

513. 9 

0. 

922 


94 

0. 

693 

0. 

676 

0 

s8y 
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CURRENT CMA> 



POWER CMW> 




6.7.3 UV Exposure 

The samples appeared to develop a yellowish appearance as the 
exposure progressed. dropped after the first 1000 ESH (by IIX) 
and continued to drop throughout the test for a total loss of 25% in 1^^ 
(see Figure 109)* V did not change during the test (see Figure 110), 
therefore the loss in I can be attributed to transmission loss in the 
6E615/UV-24. Figures 111 and 112 complete the suimnary plots of the test 
parameters. Tables 29A and 29B list the tabulated data and Figure 113 
shows a pre- and post-test I-V curve. The sample temperature ranged 
from 35*^0 to 42° during the exposure. 
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TftSLE 29fl T«BUL«TED E TRIES DATA - UV IRRADIATION 



E SERIES 

UV IRRADIh.ION 

EX-SI TU 



TEMP <C> ; 

25 AREA : 4. 

INTENSITY i^ANO 


Lev€l 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Number 

I s c / 1 s c c< 

Voc . -‘Voc o 

Pmx/Pmxo 

F. F. /F. F. o 

0 

1 000 

1. 000 

1. 000 

1. 000 

1 

0 ??1 

A. 991 

0. 775 

1. 015 



E SERIES 

UV IRRADIATION 

IN SITU 




TEMP. •:;C>: 

25 AREA ; 4 

INTENSITY 1+AM0 



L€ V€^ L 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

r4o hibt'f 

I-.; /I SCO 

Voc .••’Voc o 

Pri'ix.'’Pri'ixo 

F. F 

. 'F. F 

0 

1. 000 

1. 000 

1. 000 

1 

000 

1 

0. 891 

0. -994 

0. 904 

1 

021 

2 


0. 996 

0 906 

1. 

020 


0. 777 

0, 991 

0. 782 

•1 

015 

4 

0. 769 

0. 991 

0. 776 

1 . 

0io 

r^i 

0. 746 

0, 990 

0. 753 

1 

019 

6 

0. 749 

0. 990 

0. 752 

i. 

014 




E SERIES UV 

IRRADIATION 

EX-’S 

ITU 







"I EMP 

C • 25 

RREh 

4 

INTEfJ 

SIT't 

1+=RM0 




ser* vti 1 

L^v«'^ \ 

l5C 

Isc/ 

Voc 

Voc 

Pr.v.:-: 


PfU 

F\A \ 

F 

» 

Nu fiibt r 

f-4u ruber 

K ruR 

li-CO 

< ru V > 

Vc*c c* 

niW ' 

Pruxo 

Fuc 

F 

F o 

611 

0 

141. 1 

1. 000 

593. 2 

1 000 

112. 

29 

1 000 

1 321 

1 

000 

612 

0 

144 0 

1. 000 

566 S 

1. 000 

64. 

22 

1. 000 

0 733 

1. 

000 

616 

0 

142. 2 

1. 000 

569. 2 

1. 000 

61 

58 

1. VZ100 

0 755 

1 

000 

614 

0 

144 6 

1. 000 

563. 

1. 000 

64. 

67 

1 000 

y . 1 t » 1 

1. 

Vi00 

615 

0 

145 3 

1 000 

569 5 

1. 000 

64 

42 

1. 000 

0 778 

1 

000 

611 * 

1 

111 2 

0. 738 

564. 6 

0. 944 

49 

61 

0 441 

0. 790 

0. 

592 

612 

1 

112. 1 

0. 773 

562. 4 

0 992 

49 

34 

0. 767 

0 732 

0. 

99 "x 

612 

1 

109 3 

0 762 

562. 7 

0 989 

48 

51 

0 7S3 

0. 739 

1. 

044 

614 

1 

10S 2 

0. 749 

562. 4 

0 989 

47 

97 

0 742 

0. 788 

1 

002 

015 

1 

115 2 

0. 792 

565. 2 

0 ’993 

51 

r‘ <•- 

0 302 

0 794 

1 

021 


♦NOT INCLUDED IN AVERAGE 
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TRBLE 296. TRBULRTED E SERIES DRTR - UV IRRRDIRTION 


E SERIES UV IRRRDIRTION IN SITU 
TEMP. 25 RRER: 4 I NTENS I T V l+RM© 


St r icil 

Lev^e 1 

Is c 

I SC/ 

Voc 

Voc/ 

Pmx 

Pmx/ 

Fill 

F. F. / 

Number 

Number 

kmR> 

Isco 

<mV> 

Voco 

<inU> 

Pmxo 

Fac. 

F. F. o 

611# 

0 

139. 9 

1. 000 

599. 1 

1. 000 

22. 71 

1. 000 

0. 271 

1. 000 

612 

0 

142 . 3 

1. 000 

568. 5 

1. 000 

64. 46 

1. 000 

0. 797 

1. 000 

612 

0 

141, ? 

1 000 

571. 0 

1. 000 

60. 48 

1. 000 

0. 747 

1. 000 

614 

0 

143 . 0 

1. 000 

569. 9 

1. 000 

63. 56 

1. 000 

0. 780 

1. 000 

S15 

0 

142. 9 

1. 000 

570. 2 

1. 000 

64. 13 

1. 000 

0. 787 

1 000 

bll# 

1 

12E> . 7* 

0. 905 

575. 9 

0. 961 

42. 51 

1. 872 

0. 533 

2. 151 


1 

127 . 9 

0, 399 

565. 6 

0. 995 

57. 29 

0. 889 

0 792 

0 994 

6X2 

1 

124 6 

0. 380 

566. 2 

0. 992 

55 96 

0. 925 

0. 793 

1. 061 

614 

1 

124 . 0 

0. 367 

565. 9 

0. 993 

55. 50 

6. 373 

0. 791 

1 014 

615 

1 

131 3 

0. 919 

568. 1 

0. 996 

59. 61 

0. 929 

0. 799 

1. 015 

611^ 


126. 9 

0. 907 

567. 7 

0. 948 

56. 73 

2. 499 

0. 787 

2. 906 

612 


12S . 2 

0 901 

566. 5 

0. 996 

57. 92 

0. 399 

0. 793 

1. 001 

613 


125 . 2 

0. 383 

567. 3 

0. 994 

35. 72 

0. 921 

0. 785 

1. 050 

614 

2 

124 . 0 

0 367 

567 2 

0. 995 

55. 31 

0. 370 

0. 786 

1. 008 

615 


130 . 9 

0. 916 

568. 7 

0. 997 

59, 90 

0. 934 

0 305 

1 022 

oil 

JS. 

110. 9 

0 793 

566. 2 

0 . ’5 

49. 47 

2. 179 

0. 733 

2. 903 

612 

ji. 

110. 9 

0. 730 

563. 7 

0. 992 

50. 20 

0. 779 

0 303 

1 007 

613 


lOS . 3 

0 763 

564. 7 

0. 989 

47. 96 

0. 793 

0. 781 

1. 044 

614 

3 

107 . 6 

G. 753 

565. 3 

0. 992 

47. 36 

0. 745 

0. 779 

0 998 

615 


115 . 6 

0 309 

566. 2 

0. 993 

52 05 

0 312 

0. 795 

1. 011 

611^ 

4 

109 4 

0. 73i.’ 

566. 2 

0. 945 

49 46 

2 173 

0. 798 

2 947 

612 

4 

lie . 5 

0. 777 

564 8 

0. 993 

49. 22 

0. 764 

0. 789 

0 990 

61 

4 

107 1 

6r 756 

565. 0 

0 989 

47 70 

0. 389 

0 738 

1. 055 

614 

4 

106 6 

0. ^45 

563. 7 

0. 989 

47. 42 

0 746 

0 739 

1. 012 

615 

4 

114 1 

0. 799 

566. 2 

0. 993 

51. 70 

0. 3016 

0. 800 

1. 016 

611 ^ 

5 

106 . 6 

0 762 

565. 2 

0. 943 

48. 13 

2. 120 

0. 799 

2. 949 

612 

5 

107 , 0 

0, 752 

563 5 

0. 991 

47. 96 

0. 744 

0. 795 

0 998 

613 

s 

104 . 2 

0. 7-35 

563. 3 

0. 937 

46. 26 

0. 765 

0. 788 

1. 055 

614 

cr 

103 . 2 

0 721 

563 6 

0. 989 

45. 93 

0. 723 

0 790 

1 013 

615 

c 

111 . 0 

0. 777 

565. 3 

0. 992 

50. 04 

0 730 

0. 797 

1 012 

611^ 

6 

106 . 7 

0. 76 

565. 0 

0. 943 

48. 07 

2. 117 

0. 797 

2. 943 

612 

6 

107. 4 

0. 755 

563, 3 

0. 992 

47. 77 

0. 741 

0. 739 

0, 990 

613 

6 

104 3 

0 736 

564 1 

0 983 

45. 85 

0. 758 

0. 779 

1 042 

614 

6 

103 S 

0. 726 

563 7 

0. 989 

46. 22 

0. 727 

0 790 

1. 013 

615 

6 

111 3 

0 779 

566. 2 

0, 993 

50 21 

0. 733 

0. 796 

1 012 


♦NOT INCLUDED IN flVERRGE 
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S/N 1 

6t4 

LEVEL t 

8 

1 

TEHPi 

26 C 

ISCCNA3 > 

144.6 

188.2 

AREAi 

4 C2T2 

VOCCHV> 1 

668.7 

662.4 

INT. I 

t»AM8 

PMAXCHW>i 

64.7 

48.8 



F.F. . 

8.787 

8.788 

288. 

1 

1". -T'-' 

-T r- 

r- 


188L 



VOLTAGE CMV> 

FIGURE 113 

E SERIES UV IRRADIATION EX-SITU 
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6.8 P SERIES CELLS 

(Solarex 2>m11 2 Q-on with Ta20g cell • 0.5 mil of GR 650 as a 
cover, no backing, no adhesive.) 

6.8.1 Electron Irradiation 

The P Series cells were very delicate cells and did not survive 
thermal cycling well. At the end of the electron test there was only one 
cell that had not cracked. Due to these mechanical failures no transmission 
or electrical performance conclusions are made. Summary plots (Figures 
114, 115, 116 and 117) and tabulated data (Tables 30A and 308) are In- 
cluded for completeness only. Figure 118 Is an I-V curve. The sample 
temperature ranged from 53®C to 56‘'C. 
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FIGURE 117. P SERIES ELECTRON IRRADIATION IN-SITU 
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TRBLE 2W. TfleULfiTSO P SERIES DRTR - ELECTRON IRRftDIfiTION 
P SERIES ELECTRON IRRRDIflTION EX-SITU 



TEMP. <C> 

: 25 RREfi: 4. 

INTENSITY l*Rri0 


Levs 1 

RVERRGE 

ftVERflGE 

fiVERRGE 

fiVERfiGE 

Nurfiber 

Isc/Isco 

Voc /Voc o 

Pmx/Pmxo 

F. F. /F. F 

vZl 

1. 000 

1. 000 

1. 000 

1 000 

1 

0. 674 

0. 842 

0. 52 1'' 

0 930 



P SERIES 

ELECTRON IRRfiDIRTION IN-SI TO 



TEMP. ; 

25 RREfi : 4. 

INTENSITY l+ftMe 


[ 

HVERftGE 

RVERftGE 

fiVERfiGE 

fiVERfiGE 

T4u rribfrirr 

l£C.-'ISCO 

Voc /'Voc o 

Prii.;</F’mxo 

F. F. ,-T. F 

0 

1 000 

1. 000 

1 000 

1 000 

1 

0. 895 

0. 935 

0. 776 

0 92:8 


0. 845 

0. 912 

0. 687 

0. 392 


0. 342 

0. 919 

0. 744 

0 962 

4 

0. 705 

0. 864 

0. 536 

0. 879 

5 

G. 702 

0. 847 

0. 555 

0. 933 


0. 663: 

0. 826 

0. 507 

0. 925 

f' 

0. 647 

0. 811 

0. 486 

0. 927' 


P SERIES ELECTRON IRRflDIHTION EX-SITU 
TEMP. <C.> . 25 RREfi: 4 INTENSITY 1+-RM0 


r l 

L€’-ViE- 1 

I5C 

I sc.-' 

Voc 

Voc 

Pm:K 

Pm:>:/ 

F’.U 

F F. / 

fnb*=: r 

Nu ruber* 

' . rnfi > 

I a: CO 

< mV > 

Voco 

( mN 

F'fiixo 

Fac . 

F-. F 0 

701 

0 

149. 0 

1. 000 

574. 6 

1. 0ViUJ 

66 . 661 

1 000 

0 778 

1. M00 

702 

0 

144. 1 

1. 000 

562. 8 

1. 000 

62. 14 

1 000 

0. 7€'6 

1. 000 

707 

0 

0, 0 

0. 000 

0. 0 

0. 000 

0. 00 

0. 000 

0. 000 

0 000 

704 

0 

142. 7 

1. 000 

562. 7 

1. 000 

61. 49 

1. 000 

0. 7^6.6 

1. 0G0 

705 

0 

148. 1 

1. 000 

576. 3 

1. 000 

66. 62 

1 G*J0 

0. 780 

1 000 

701 

1 

99. 9 

0. 670 

430. 0 

0. 835 

36. 22 

0. 544 

0. 756 

0 971 

702 

1 

97. ? 

0. 678 

477. 5 

0. 348 

31. T’4 

0 511 

0. 680 

0. 800 

701s 

1 

0. 0 

0. 000 

0. 0 

0 000 

0. 00 

0. 000 

0. 000 

0. 000 

.04 

1 

0. 0 

0 000 

0. 0 

0 000 

0. 00 

0. 000 

0 . 000 

0, 000 

705 

1 

0 0 

0 000 

0. 0 

0. 000 

0. £10 

0 000 

0. 000 

0 OG 0 
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TftBLE 39B. TfieULRTED P SERIES DflTR - ELECTRON IRRfiOIflTION 


P SERIES ELECTRON IRRflDIRTION IN-SITU 
TEMP. CO; 25 HREfl: 4 INTENSITV I'^Rfie 


Serial 

Le ve 1 

Is c 

Isc/ 

Voc 

Voc/ 

Pm:>< 

Pmx/ 

Fill 

F. 

F. / 

Number 

Number 

Cm fl> 

Isco 

CmV) 

Voco 

CmW> 

Pmxo 

Fac. 

F. 

F. o 

701 

0 

12E . 3 

1. 000 

582. 7 

1. 000 

56. 57 

1. 000 

0. 769 

1. 

000 

702 

0 

12: . 0 

1. 000 

572. 2 

1. 000 

53. 87 

1. 000 

0. 766 

1. 

000 

703 

0 

81. 5 

1. 000 

573. 9 

1. 000 

36. 90 

1. 000 

0. 789 

1. 

000 

704 

0 

121. 1 

1. 000 

576. 7 

1. 000 

52. 55 

1. 000 

0. 752 

1. 

000 

703 

0 

12E . 6 

1. 000 

582. 7 

1. 000 

57. 09 

1. 000 

0. 774 

1. 

000 

701 

1 

112 . 6 

0. 892 

542. 4 

0. 931 

44. 65 

0. 789 

0. 731 

0. 

951 

702 

1 

lie . 2 

0. 896 

536. 3 

0. 937 

41. 85 

0. 777 

0. 708 

0. 

925 

703 

1 

74. 0 

0. 90S 

537. 9 

0. 937 

28. 20 

0. 764 

0. 708 

0. 

898 

704 

1 

109. 0 

0. 900 

539. 2 

0. 925 

39. 30 

0. 748 

0. 669 

0. 889 

705 

1 

111. 2 

0. 878 

543. 4 

0. 933 

45. 64 

0. 799 

0. 755 

0. 

976 

701 • 

2 

105 . 1 

0. 832 

531. 2 

0. 912 

40. 38 

0. 714 

0. 723 

0. 

941 

702 


103 . 5 

0. 841 

523. 1 

0. 914 

36. 2? 

0. 673 

0. 670 

0. 

875 

703 

2 

69. 9 

0. 858 

524, 6 

0. 914 

25. 24 

0. 684 

0. 688 

0. 

872 

704 

iei! 

104 . 0 

0. 859 

523. 8 

0. 908 

33. 50 

0. 638 

0. 615 

0. 

817 

70S 

is:! 

105. 3 

0. 835 

531. 2 

0. 912 

41. 56 

0. 728 

0. 740 

0. 

956 

701 


105 . 1 

0. 832 

533. 1 

0. 915 

41. 74 

0. 728 

0. 745 

0. 

969 

702 


102. 3 

0. 832 

527. 3 

0. 922 

39 41 

0. 732 

0. 731 

0 

954 

702 

2 

69. 9 

0. 858 

528. 8 

0. 921 

27. r'3 

0. 751 

0. 750 

0. 950 

704 

2 

103 . 4 

0. 854 

532. 8 

0. 924 

39. 91 

0. 759 

0. 725 

0. 

963 

705 

2 

105 . 4 

0. 833 

533. 3 

0. . :,5 

42. 37 

0. 742 

0. 754 

0 . 

974 

701 

4 

S£ . 3 

0. 699 

503. 0 

0. 863 

32. 03 

0. 566 

0. 721 

0. 

938 

702 

4 

85, 1 

0 692 

488. 6 

0. 854 

24. 14 

0 448 

0. 581 

0 . 

759 

702 

4 

5£ . 4 

e 716 

499. 3 

0. 870 

20. 88 

0. 566 

0. 717 

0 . 

909 

704 

4 

86 . 9 

0. 717 

499. 5 

0. 866 

27. -^.l 

0. 522 

0 . 6 j .^2 

0 . 

840 

705 

4 

39 . 0 

0. 703 

504. 0 

0. 865 

32. 96 

0. 577 

0. 735 

0, 

949 

701 

ter 

86. 4 

0. 700 

498. 9 

0. 856 

22. 42 

0. 573 

0. 735 

0. 

956 


5 

87 . 4 

0 711 

475. 5 

0. 831 

28. 34 

0. 526 

0. 682 

0 . 

891 

702 

5 

56 . 5 

0. 693 

500. 1 

0. 871 

21. 04 

0. 576 

0. 744 

0. 

944 

704# 

5 

47. 3 

0. 391 

495. 1 

0. 859 

12. 69 

0. 261 

0. 584 

0 . 

776 

70S 

5 

89. 3 

0. 705 

483. 6 

0. 830 

31, 53 

0. 552 

0. 730 

0 . 

944 

701 

6 

84. 2 

0. 667 

483. 5 

0. 830 

29. 47 

0. 521 

0. 724 

0. 

941 

702^ 

6 

82 . 9 

0. 674 

452. 6 

0. 791 

21. 58 

0. 401 

0. 575 

0. 

751 

702 

S 

53. 1 

0. 651 

484. 1 

0. 844 

18. 36 

0. 498 

0. 715 

0. 

906 

704# 

S 

44. 6 

0. 363 

480. 7 

0. 834 

12. 04 

0. 229 

0. 562 

0. 

747 

705 

6 

85 0 

0. 671 

469. 5 

0. 806 

28. 65 

0. 502 

0. 718 

0. 

928 

701 

i’ 

84. 2 

0. 667 

476. 0 

0. 817 

29. 06 

0. 514 

0. 725 

0. 

942 

702# 

7 

84 . 1 

0. 684 

444, S 

0. 777 

23. 46 

0. 436 

0. 628 

0. 

820 

702 

7 

46. 6 

3. 596 

473. 6 

0. 825 

16. 42 

0. 445 

0. 714 

0. 

905 

704 * 

7 

27. 9 

0. 230 

476. 7 

0 827 

8. 60 

0. 164 

0. 647 

0. 

860 

705 

7 

85. 8 

0. 678 

460. 3 

0, 790 

28. 50 

0. 499 

0. 721 

0 

932 
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CURRENT CMA? 


S/N > 701 
TEMP« 25 C 
AREAi A CM'^2 
IKT . I 1 »AH0 


LEVEL 

ISCCMA> 

VOCCMV> 

PNAXCMW> 

F.F. 


0 

140.0 

574.6 

06.6 

0.778 



08.8 
480.0 
36.2 
0.756 


e tee 

200 300 400 500 600 700 

P SERIES 

VOLTAGE <MV> 

FIGURE 118 

ELECTRON IRRADIATION EX-SITU 

D1 80-26590-1 


POWER CMW> 



6.8.2 Proton Irradiation 

The summary plots Flqures 119, 120, 121 and 122 show that the 

14 2 

cells degraded 90% In with a fluence of 3 x 10 P/cm . It Is apparent 
that the GR 650 either has many holes In It or It Is just not thick 
enough to stop the protons: therefore, no conclusions can be made about 
Its transparency. As In the electron test the cells also cracked with 
repeated thermal cycling. Tables 31A and 31B contain the tabulated data 
and Figures 123A and 123B show an In situ I-V curve. The sample tempera- 
ture during the Irradiations ranged from 53°C to 55“C. 
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NORMALIZED F.T. NORMALIZED Pmn 










1/1 z 


TABLE 21FI TABULATED P SERIES DATA - PROTON IRRADIATION 


P SERIES PROTON IRRADIATION EX-SITU 
TEMP. <C>: 25 AREA: 4 INTENSITY i=4<RM0 


Leve 1 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Number 

1 s c / 1 s c o 

Voc/Voco 

Pnix/Pfi'i:^;o 

F. F /F. F. o 

0 

1 000 

1. 000 

1. 000 

1 000 

1 

0. 000 

0. 000 0. 000 

All cells broken. 

0. 000 


P SERIES PROTON IRRADIATION IN-SiTU 



TEMP 

25 AREA. 4 

INTENSITY 1*AM0 


Level 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Nufnber 

I S C ■ I s c o 

Vor. VC'C o 

F‘ni:x.-'Prn;>;o 

F. F. /F. f- 

0 

1. 000 

1. 000 

1. 000 

1. 000 

1 

0. 103 

0. 445 

0. 02S 

0. 62y 


0 114 

0. 433 

0. 020 

0. 605 


6. ei9b 

0. 46? 

0. 024 

0 538 

4 

0. 102 

0. 465 

0. £i22 

0 474 


P SERIES PROTON IRRADIATION EK-SITU 
TEMP. CO : 25 AREA: 4 INTENSITY l+AMO 


be r i.Q 1 

Level 

Isc 

Isc . 

Voc 

Voc/ 

Pm:>i 

Pmx/ 

Fvl 1 

F. F. / 

Nufiiber 

Number 

<mR> 

I SCO 

< mV > 

Voc o 

<mu;> 

Pmxo 

Fac. 

F. F o 

70b 

0 

0. 0 

0. 000 

0. 0 

0. 000 

0. 00 

0. 000 

0. 0061 

0. 0610 

707 

0 

13b. 6 

1. 000 

554. 6 

1. 000 

57. 77 

1. 000 

0. 7S0 

1. 000 

70y 

0 

149. 1 

1. 000 

573. 7 

1. 0S8 

65. 04 

1. 000 

0 760 

1. 000 

709 

0 

0. 0 

0. 000 

0. 0 

0. 000 

0. 00 

0 000 

6v 0610 

61. 000 

710 

0 

14^.. 7 

1. 000 

568. 9 

1. 000 

64. 09 

1. 000 

0. 768 

1. 000 

706 

1 

0. 0 

0. 000 

0. 0 

0. 0010 

0. 00 

0. 000 

0. 000 

0. 000 

707 

1 

0, 0 

0. 000 

0. 0 

0. 000 

0. 00 

0. 000 

0. 000 

0. 000 

708 

1 

0 

0 000 

0. 0 

0 000 

0. 00 

0 000 

0 6i0£i 

0 £i0£i 

709 

1 

0. 0 

0. 000 

0. 0 

0. 000 

0 00 

0 000 

0. 000 

0. 000 

710 

1 

0. 0 

0. 000 

0. 0 

0. 000 

0. 00 

0. 000 

6i 00£i 

61 000 
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TR8UE riB. TfIBULATED P SERIES DRTR - PROTON IRRRDIRTION 


P SERIES PROTON IRRRDIRTION IN-SITU 
TEMP <;C>: 25 RRER: 4 INTENSITY l^RMO 


Se r val 

Lewe 1 

Isc 

lie / 

Voc 

Voc/ 

Pmx 

Prfix/ 

Fill 

F. 

F. / 

Number 

Number- 

< mfi 

isco 

<.mV> 

Voco 

<mU> 

Pmxo 

Fac. 

F. 

F. o 

707 

0 

99. ? 

1. 000 

558. 

8 

1. 

000 

44. 19 

1. 

000 

0. 

793 

1. 

000 

.-’08 

0 

104. 4 

1. 000 

578. 


1. 

000 

47. 03 

1. 

000 

0. 

779 

1. 

000 

709 

0 

101 2 

1. 000 

555. 

6 

1. 

000 

42. 79 

1. 

000 

0. 

760 

1. 

000 

710 

0 

109 7 

1 000 

571. 

5 

1. 

000 

48. 58 

1. 

000 

0 

775 

1. 

600 

711 

0 

105 8 

1. 000 

569. 

8 

1 

000 

45. 67 

1. 

000 

0, 

758 

1. 

000 

707 

1 

9. 3 

0. 094 

237. 

8 

0. 

426 

1. 07 

0. 

024 

0. 

482 

0. 

608 

70y 

1 

9. 9 

i 095 

248. 

4 

0. 

430 

1. 11 

0. 

024 

0. 

452 

0. 

580 

709 

1 

9. 3 

0. 092 

236. 

9 

0. 

426 

1. 10 

0. 

026 

0. 

496 

0. 

652 

710 

1 

14. 0 

0. 128 

274. 

8 

0. 

481 

1. 90 

0. 

029 

0. 

493 

0. 

637 

711 

1 

11. 2 

0. 106 

263. 

2 

0- 

462 

1. 49 

0. 

033 

0. 

504 

0. 

665 

707 

•p 

10. 8 

0. 108 

235. 

Cl 

0. 

4c: ^ 

1. 17 

0. 

0i^7 

0- 

461 

0. 

581 

70S 

cl 

12. 4 

0. 119 

240. 

4 

0 

426 

1 35 

0. 

029 

0. 

442 

0. 

568 

709 

■p 

9. 2 

0. 091 

232. 

•-> 

0. 

418 

0. 99 

0. 

022 

0 

462 

0. 

608 

710 

ii! 

15. 1 

0. 138 

254. 

el 

0. 

445 

1. 86 

0. 

038 

0. 

485 

0. 

626 

711 


11. 9 

0. 113 

259. 

4 

0. 

455 

1. 50 

0. 

033 

0. 

4£!5 

0. 

640 

707 

T;. 

I' . r‘ 

0. 07? 

242. 

8 

0. 

435 

1. 63 

0. 

037 

0. 

877 

1. 

106 

70S 


11. 4 

0. 109 

270. 

6 

U. 

' 3 

1. 74 

0. 

037 

0. 

566 

0. 


709 


0. 0 

6. 000 

0. 

0 

0. 

000 

0. 00 

0. 

000 

0. 

000 

0. 

000 

710 

2 

10. 5 

0. 096 

267. 

0 

0 

467 

1. 17 

0. 

024 

0. 

417 

0. 

528 

711 

S 

8. 6 

0. 0S1 

268. 

4 

0. 

471 

0. 96 

0. 

021 

0. 

418 

0. 

552 

707 

4 

0. 0 

0. 000 

0. 

0 

0. 

000 

0. 00 

0. 

000 

0. 

000 

£i 

000 

70S 

4 

11. 7 

0. 112 

265. 

5 

0. 

459 

0. 35 

0. 

018 

0- 

274 

0. 

r;- cj 

709 

4 

0. 0 

0. 000 

0. 

0 

0. 

000 

0. 00 

0. 

000 

0. 

000 

0 

000 

710 

4 

11. 5 

0. 105 

268 

1 

0. 

469 

1. 27 

0. 

026 

0. 

410 

0. 

520 

711 

4 

9. 2 

0. 037 

265. 

f' 

0. 

466 

1. 00 

0, 

022 

0. 

408 

0. 

529 
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CURRENT CMA> 


S/N : 707 LEVEL >0 1 2 

TEMP: 25 C ISCCMA> : 99. 7 9.3 10.8 

AREA: 4 CM^2 VOCCMV^ « 558.8 237.8 235.9 

INT . » 1 *AM0 PMAXCMW> : 44.2 1.1 1.2 

F.F. : 0.793 0.482 0.481 



VOLTAGE CMV> 

FIGURE I23A 

P SERIES PROTON IRRADIATION IN-SITU 
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POWER CMW> 



CURRENT CMA) 



POWER CMW> 



6.8.3 UV Exposure 

There appeared to oe a haze developing on the samples as the 
exposure progressed. The summary plots. Figures 124, 125, 126 and 127 
show that has degraded 9t by the end of the exposure. There was 
little change in therefore the loss can be attributed to a 
transmission cnange caused by one or both the darkening of the GR 650 
or contamination during the UV exposure. The tabulated data is listed 
in Tables 32A and 32B and a pre- and post- test I-V curve is shown in 
Figure 128. The sample which had the thermocouple attached cracked 
causing the temperature data to be faulty. 
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NORMALIZED F.F. NORMALIZED Pmk 



TABLE 22fl. TABULATED P SERIES DATA - UV IRRADIATION 



P SERIES 

UV 

IRRADIATION 

EX-SITU 



TEMP. CO: 

25 

AREA: 4. 

INTENSITV 1+AM0 


Ltive 1 
Nuriiber 

AVERAGE 
I s c / 1 s c 0 


AVERAGE 
Voc /Voc 0 

AVERAGE 

Pmx/Pmxo 

AVERAGE 
F. F. /F. F. 0 

0 

1 

1. 0130 
0. 902 


1. 000 
1. 020 

1. 000 
0 . 389 

1. 060 
0. 956 



P SERIES 

UV IRRADIATION 

IN SITU 



TEMP. <0 : 

25 AREA : 4. 

INTENSITV 1+RM0 


Level 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Nufhber 

Isc/Ii-co 

Voc /Voc 0 

Pmx/Prfixo 

F. F. /F. F. 0 

0 

1. 006 

1. 000 

1. 000 

1. 000 

1 

0. 975 

0. 998 

0. 975 

1. 002 

2 

0. 981 

0. 994 

0 . 965 

0. 989 


0. 946 

0. 992 

0. 926 

0. 986 

4 

0. 947 

0. 996 

0. 894 

0. 948 

cr 

0. 911 

1. 019 

0. 888 

0. 956 

It, 

0. 907 

1. 017 

0. 8 f' 1 ^ 

0. 950 


P SERIES UV IRRADIATION EX-SITU 
TEMP. <0 ; 25 AREA : 4 INTENSITV l*fiN0 


Ser- iu 1 

Level 

Isc 

Isc / 

Voc 

Voc/ 

Pm.K 

PflVX/ 

Fill 

F. F. / 

Numbtr 

Nu.niber 

C rn A '.j 

I s c 0 

< fiiV > 

Voco 

c mW > 

Pmxo 

Fac. 

F. F. 0 

666 

0 

46. 0 

1. 000 

574. 6 

1. 000 

28. 77 

1. 000 

0. 786 

1. 000 

712 

0 

146. 2 

1. 000 

572. 9 

1. 000 

65. 02 

1. 000 

0. 776 

1. 000 

712 

0 

145. 9 

1. 000 

572. 9 

1. 000 

65. 47 

1. 000 

0. 782 

1. 000 

714 

0 

146. 9 

1. 000 

572. 4 

1. 006 

64. 34 

1. 000 

0. 771 

1. 000 

715 

0 

142. 1 

1. 000 

572. 4 

1. 000 

62. 91 

1. 000 

0. 768 

1. 000 

706 

1 

42. 6 

0. 926 

599 4 

1. 042 

19. 77 

0. 952 

0. 775 

0. 985 

712 

1 

127. 2 

0. 871 

579. 7 

1. 012 

54. 64 

0. 840 

0. 740 

0 952 

712 

1 

125. 5 

0. 929 

595. 2 

1. 029 

61. 61 

0. 941 

0. 764 

0. 975 

714^^ 

1 

1^6. 1 

0 920 

589 4 

1. 020 

50. 29 

0. 777 

0. 626 

0. 911 

715* 

1 

I 26 . 

0. 382 

587. 4 

1. 026 

51. 78 

0. 822 

0. 698 

0. 909 


♦'NOT INCLUDED IN AVERAGE 
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TfliLE 32B. TRBULflTED P SERIES DflTfl - UV IRRADIATION 


P SERIES UV IRRflDIRTION IN SITU 
TEMP. <C> ; 25 AREA: 4 INTENSITV li<Rri0 


S6T ia 1 

Leve 1 

IfC 

Isc/ 

Voc 


Voc/ 

Pm>: 


Prnx/ 

Fi 

,ll 

F, 

F. / 

Nurnbor 

Nurnber 

< m A > 

Is 

;CO 

CmV;:' 

Voco 

< mW > 

Prnxo 

Foe. 

F. 

F. o 

706 

0 

46. 0 

1. 

000 

581. 


1. 

000 

20. 

90 

1, 

000 

0. 

782 

1, 

000 

712 

0 

137. 3 

1. 

000 

570. 

1** 

1. 

000 

61. 

57 

1. 

000 

0. 

786 

1. 

000 

713 

0 

144. 0 

1. 

000 

577. 

0 

1. 

000 

63. 

71 

1. 

000 

0. 

1 O 1 

1. 

000 

714 

0 

145. 3 

1. 

000 

578. 

8 

1. 

000 

63. 

90 

1. 

000 

0. 

760 

1. 

000 

715 

0 

141. 3 

1. 

000 

577. 

8 

1. 

000 

62. 

38 

1. 

000 

0. 

770 

1. 

000 

706 

1 

45. 0 

0. 

979 

580. 


0. 

999 

20. 

22 

0. 

967 

0, 

774 

0. 

989 

712 

1 

132. 4 

0. 

964 

567. 

3 

0. 

995 

59, 

71 

0. 

970 

0. 

794 

1. 

011 

713 

1 

141. 3 

0. 

981 

576. 

2 

0. 

999 

iSic:!. 

95 

0. 

988 

0. 

773 

1, 

008 

714# 

1 

143. 0 

0. 

984 

576. 

1 

0. 

955 

61. 

66 

0. 

965 

0. 

748 

0. 

985 

715* 

1 

127. 0 

0. 

898 

575. 

6 

0. 

996 

53. 

97 

0. 

858 

0. 

I -2-0 

0. 

959 

706 

iZl 

45. 4 

0. 

989 

580. 

5 

0. 

999 

20. 

64 

0. 

988 

0. 

“*• 

i- 

1. 

000 

712 

2 

133. 5 

0. 

973 

562. 

6 

0. 

986 

57. 

28 

0. 

930 

0. 

761 

0. 

970 

713 

w 

141. 5 

0. 

983 

576. 

2 

0. 

999 

62. 


0. 

978 

0. 

764 

0. 

997 

714* 

2 

142. 3 

0. 

980 

570. 

4 

0. 

985 

57. 

53 

0. 

900 

0. 

T09 

0. 

932 

715* 

2 

129. 9 

0. 

919 

555. 

1 

0. 

961 

49. 

18 

0. 

782 

0, 

•58c:' 

0, 

886 

706 

— s 

44. 0 

0. 

958 

580. 


0. 

998 

19. 

72 

0. 

944 

0. 

i‘ i‘ cL 

0. 

JO 1 

712 

“y 

128 . i' 

0. 

937 

562. 

4 

0. 

986 

54. 

99 

0. 

893 

0. 

760 

0. 

967 

713 


135. 7 

0. 

942 

573. 


0. 

994 

59. 

94 

0. 

941 

0. 

771 

1. 

005 

714# 

-S 

137. 1 

0. 

944 

566. 


0. 

978 

54. 

85 

0. 

358 

0. 

706 

0. 

929 

715* 


125. 0 

0. 

885 

554. 

7 

0. 

960 

47. 

57 

0. 

757 

0. 

686 

0. 

891 

706 

4 

43. 6 

0. 

949 

581. 

8 

1. 

001 

19. 

89 

0. 

952 

0. 

784 

±. 

003 

712 

4 

130. 0 

0. 

947 

563. 

5 

0. 

987 

52. 

76 

0. 

8 5 r' 

0. 

720 

0. 

917 

713 

4 

136. 1 

0. 

945 

576. 

s 

0. 

999 

55. 

57 

0. 

3 r 2 

0. 

708 

0. 

924 

714* 

4 

136. 6 

0. 

940 

570. 

1 

0. 

985 

49. 

68 

0. 

1 ' l ' l‘' 

0. 

638 

0. 

839 

715* 

4 

125. 3 

0. 

887 

555. 

1 

0. 

961 

48 

15 

0. 

766 

0. 

692 

0. 

899 

706 

5 

42. 2 

0. 

918 

597. 

2 

1. 

027 

19. 

46 

0. 

931 

0. 

/ 1* 

0. 

9SS 

712 

5 

12^* 3 

0. 

905 

575. 

8 

1. 

009 

51. 

19 

0. 

831 

0. 

715 

0. 

910 

713 

5 

131. 2 

0. 

911 

588. 

5 

1. 

020 

57. 

43 

0. 

901 

0. 

744 

0. 

970 

714* 

5 

131. 0 

0. 

902 

583. 

0 

1. 

007 

48, 

42 

0. 

758 

0. 

634 

0. 

334 

715* 

5 

119. 6 

0. 

846 

569. 

2 

0. 

985 

47. 

43 

0. 

754 

0 

697 

0. 

905 

706 

6 

41. 6 

0. 

906 

597. 

7 

1. 

028 

19. 

25 

0. 

921 

0. 

774 

0. 

989 

712 

6 

124. 1 

0. 

904 

573. 

4 

1. 

005 

52. 

51 

0, 

853 

0. 

738 

0. 

939 

713 

6 

131. 0 

0. 

910 

588. 

1 

1. 

019 

54. 

59 

0. 

857 

0, 

708 

0. 

924 

714* 

S 

133. 4 

0. 

919 

581. 

»'* 

1. 

005 

47. 

38 

0. 

741 

0. 

610 

0. 

80? 

715 * 

S 

120. 8 

0. 

855 

570. 

9 

0. 

988 

47. 

52 

0. 

756 

0. 

689 

0. 

895 


•^NOT INCLUDED IN AVERAGE 
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CURRENT <MA> 


S/N • 

712 

LEVEL » 

e 

t 

TEMP* 

25 C 

ZSCCMA> * 

140.2 

127.3 

AREA* 

4 CM"'2 

VOCCMVJ * 

672.0 

570.7 

INT. 1 

t»AM0 

PMAXCMU> 1 

65.0 

54.6 



F.F. « 

0.770 

0.740 
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6.9 GE CELLS 

(Solarex 2-mll cells, 2-m11 PFA "Hard-coated" cover, l-m11 Kapton 
back, 93-500 adhesive front and back.) 

6.9.1 Electron Irradiation 

The GE samples all had bubbles trapped In the encapsulant before 

mounting In the test chamber and the edges of the samples would not lay 

flat on the sample plate. However, the cells exhibited no visible damage 

15 2 

until they had received a total fluence of 1 x 10 e/cm and 15 thermal 

cycles. At this point three cells had cracks In the PFA cover material. 

15 2 

After a total fluence of 5 x 10 e/cm and 45 thermal cycles all the 
cells and PFA covers were badly cracked (see Figure 129). The PFA and 
Kapton had become very brittle. There Is little significance in the 
electrical data because of the physical response of the cell. The 
summary plots (Figures 130, 131, 132 and 133) and tabulated data (Tables 
33A and 33B) are Included for completeness. Figure 134A and 134B are 
In situ I-V curves. The sample plate temperature ranged from 54®C 
to 58°C during the Irradiations. 
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FIGURE 13G. GE CEU.8 ELECTRON IRRADIATION IN-SITU 
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TABLE 23A. TABULATED GE CELL DATA - ELECTRON IRRADIATION 
GE CELLS ELECTRON IRRADIATION EX-SITU 



TEMP. <C> : 

25 AREA ; 4. 

INTENSITY 1%AM0 


Level 

Nu.mber 

AVERAGE 

I i" C I SCO 

AVERAGE 

Voc/Voco 

AVERAGE 

Pni.x/Pmxo 

AVERAGE 
F. K. /F F 

0 

1 

1. 000 
0. 607 

1. 000 
0. 856 

1. 000 
0. 420 

1 000 
0. 809 



GE CELLS 

ELECTRON IRRADIATION IN-SITU 



TEMP i.C>: 

25 AREA ; 4. 

INTENSITY 1*AM0 


1 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Nuinber 

i S C * I i" C O 

Voc/Voco 

F'rnx/Pfi'txo 

F F . F F 

kj 

1. 000 

1. 000 

1. 000 

1. 000 

1 

0. 902 

0. 950 

0. 714 

0 832 


0. S54 

0. 929 

0. 630 

0 792 

-• 

0. 859 

0 935 

0. 698 

0, 869 

4 

0. 1^07 

0. 876 

0. 484 

0 779 




GE CELLS ELECTRON 



TEMP. 

CO: 25 

AREA 

r 1 ul 

Lev't' 1 

Isc 

l£C/ 

Voc 

iruber 

Number 

< m A > 

Is CO 

CmV> 

801 

0 

129. 3 

1. 000 

549. 9 

802 

0 

131. 8 

1. 000 

552. 3 

303: 

0 

129. 4 

1. 000 

554. 4 

804 

0 

131. 7 

1. 000 

550. 7 

806 

0 

135. 2 

1. 000 

559. 2 

301 

1 

78. 4 

0. 604 

467. 7 

302 

1 

34. 2 

0. 639 

478. 4 

303 

i 

0. 0 

0. 000 

0. 0 

804 

1 

76. 2 

0. 577 

469 6 

306 

1 


0. 000 

0 0 


IRRADIATION EX-SITU 
4 INTENSITY 1*RM0 


Voc/ 

Pmx 

Pmx/ 

FtII 

F. F. . ■ 

Voco 

<i»W> 

Pmxo 

Fuc. 

F F. o 

1. 000 

52. 64 

1. 000 

u. 737 

1. 000 

1. 000 

54. 35 

1- 000 

v3. 747 

1. 000 

1. 000 

55. 12 

1. 000 

0. 768 

1 000 

1. 000 

52. 00 

1. 000 

0 717 

1. 000 

1 000 

57. 63 

1. 000 

0. 762 

1 000 

0. 851 

22. 58 

0. 429 

0. 615 

0. 835 

0. 866 

23. 32 

0. 429 

0. 579 

0 775 

0. 000 

0. 00 

0 000 

0 000 

0 000 

0 853 

20. 88 

0 402 

0. 535 

0. Sib 

0 000 

0. 00 

9. 000 

0. 000 

0. 000 
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1»BLE 33B. TRBULRTED QE CELL ORTR - ELECTRON IRRRDIRTION 


QE CELLS ELECTRON IRRRDIRTION IN-SITU 
TEMP. CO: 25 RRER : 4 INTENSITV l*RMO 


Ser val 

Leve 1 

I5C 


Is 

C V’* 

Voc 

Voc/ 

Pmx 

Prfix/ 

Fill 

F. F. / 

Nurrtber 

Nuriiber 

mR 

Is CO 

<nA 


Voco 

\mW> 

Pmxo 

Fac. 

F. F, o 

801 

0 

112. 

0 

1. 

000 

562. 


i. 

000 

45. 72 

1, 

000 

0. 

726 

1. 000 


0 

112 

2 

1. 

000 

562. 

0 

1. 

000 

48. 62 

1, 

000 

a 

764 

1, 000 


0 

111. 

l' 

1. 

000 

567. 


1. 

000 

49. 96 

1. 

000 

0. 

7S9 

1. 000 

y04 

0 

ns. 


1. 

000 

558 

s 

1. 

000 

42. 34 

1, 

000 

0. 

669 

1. 000 

805 

0 

0. 

0 

0. 

000 

0 

0 

0. 

000 

0. 00 

0, 

000 

0. 

000 

0, 000 

801 

1 

102. 

8 

0. 

915 

532. 

l'" 

0. 

947 

32. 01 

0, 

700 

0. 

586 

0. 803 

802 

1 

101. 

8 

0. 

900 

527. 

8 

0. 

989 

31. 34 

0. 

645 

0. 

583 

0 768 


1 

101. 

Q 

0. 

912 

543. 

4 

0. 

958 

42. 80 

0. 

957 

0, 

i' 1 3' 

0. 980 

804 

1 

1V30. 


0. 

S86 

588. 

2 

0. 

954 

27. 70 

0. 

654 

0 

518 

0 774 

805 

1 

105- 

5 

0. 

000 

526. 

4 

0. 

000 

27. 07 

0. 

000 

0. 

488 

0. 000 

801 

2 

97. 

4 

0. 

370 

520. 

1 

0. 

925 

26. 66 

0. 

583 

0 

526 

0. 725 

302 

2 

88. 


0. 

S42 

515, 

0 

0. 

916 

26, 17 

0. 

588 

0 

588 

0 697 

oO_ 

2 

3G. 

Ct 

0. 

S68 

534. 

4 

0. 

942 

39. 46 

LI. 

790 

0. 


0. 9t>6 

804 

2 

34. 

4 

0. 

834 

521. 

6 

0. 

933 

25 69 

0. 

6ti7 

0. 

tr ■» . 

0 ,‘79 


Cw 

101. 

4 

0. 

000 

516. 

8 

0. 

000 

24. 48 

0. 

000 

0. 

467 

0, 000 

80 l 


87. 

8 

0 

872 

527. 

C' 

0. 

98 S 

' 

1 

0. 

788 

0. 

655 

0. 903: 



88. 

t' 

0 

846 

52.:v 

8 

0 

982 

31. 94 

0, 

657 

0. 

62 1' 

0, 324 

802 


0 

0 

0. 

000 



0 

000 

0. 00 

0. 

000 

0. 

000 

0 OOu 

804 


0. 

0 

0 

000 



0. 

000 

0 00 

0. 

000 

0. 

000 

0. 000 

80*5 


100 


0 

0Ov3 

527. 


0 

"Lin 

.>2. 00 

0. 

000 

0. 

6 Li 6^ 

0 000 

801 

4 

80 

5 

0. 

719 

488. 

6 

0. 

869 

18 99 

0. 

415 

0. 

4o j: 

0. 665 

802 

4 

— 1 

1^0 


0 

692 

4^3S. 

2 

0. 

869 

20. 1* 2 

0 

426 

0 

542 

0. 709 

808 

4 

0. 

0 

0. 

000 

0. 

0 

0. 

000 

0. k.10 

0 

000 

0. 

000 

0 000 

804 

4 

80 

5 

0 

712 

497 

4 

0. 

890 

25. 80 

0. 

609 

0 

644 

0 962 

805 

4 

0, 

0 

0. 

000 

0. 

0 

0 

000 

0. 00 

0 

000 

0 

000 

0 000 

801 

5 

0 

0 

LI 

000 

0. 

0 

0. 

000 

0. 00 

0. 

000 

0 

000 

0 000 

8o2 

c ^ 

0. 

0 

0. 

000 

0. 

0 

0 

000 

0. 00 

0 

000 

0 

000 

0 OkiO 

808 

5 

0. 

0 

0. 

000 

0. 

0 

0. 

000 

0. 00 

0. 

000 

0. 

000 

0 000 

804 

5 

0. 

0 

0 

000 

0 

0 

0. 

000 

0 00 

0. 

000 

0 

000 

0 000 


8 

0. 

0 

0 

000 

0 

0 

0. 

000 

0. 00 

0. 

000 

0. 

000 

0 0OO 

801 


0 

0 

0. 

000 

0. 

0 

0 

000 

0 00 

0 

000 


000 

0 ooo 

802 

8 

0. 

0 

0 

000 

0 

0 

0 

000 

0. 00 

0 

000 

0. 

000 

0. 000 

808 

6 

0. 

0 

0. 

000 

0 

0 

0. 

000 

0, 00 

0. 

000 

0 

000 

0 000 

804 

8 

0. 

0 

0. 

000 

0 . 

0 

0. 

000 

0. 00 

0. 

000 

0 

000 

0 000 

805 

6 

0 

0 

0 

000 

0. 

0 

0. 

000 

0. 00 

0. 

000 

0. 

000 

0 000 

801 

r 

0. 

0 

0. 

000 

0 

0 

0. 

000 

0 00 

0 

000 

0 

000 

0 000 

802 

T' 

0. 

0 

0. 

000 

0 

o 

0 

000 

0, 00 

0 

000 

0 

000 

0. 000 

c* O 

1 

0 

0 

0. 

000 

0. 

0 

0. 

000 

0 00 

0 

000 

0. 

000 

0 000 

004 

r 

0 

0 

0. 

000 

0 

0 

0, 

000 

0 00 

0 

000 

0. 

000 

0 000 

808 

i‘ 

0. 

0 

0. 

0t10 

0 

0 

0. 

000 

0. 00 

0. 

000 

0 

000 

0 000 
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CURRENT CMA? 


S/N • 

eei 

LEVEL . 

e 

1 

2 

TEMP. 

26 C 

ISCCMA> 1 

112.8 

182.5 

87.4 

AREA. 

4 CM^2 

VOCCMV> 1 

662.2 

532.7 

628. 1 

INT. . 

twAhe 

PMAXCMW> . 

46.7 

32.8 

26.7 



r.F. . 

8.726 

8.686 

8.626 
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CURREN’' CMA> 


S/N » 

eei 

LEVEL 

3 

4 

5 

6 7 

TEMP. 

25 C 

ISC<MA> > 

97.6 

89.5 

NO 

OUTPUT 

AREA* 

-4 CM^2 

VOC<MV> . 

627.2 

488.6 



INT. . 

t«AM0 

PNAXCHU> t 

33.7 

19.9 





F.F. 

e.656 

9.483 
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6.9.2 Proton Irradiation 

The GE cells showed visible damage after the first proton 
14 2 

fluence of 3 x 10 p/cm and no thermal cycles. Four of the five 

cells had started to curl up from the contact bar end indicating a 

shrinking of the PFA cover material. One cell's cover had started 

to blister. After the first 15 thermal cycles the only additional 

15 2 

damage was more curling. After a total fluence of 3.3 x 10 p/cm 
and 15 thermal cycles the PFA covers were blistered and peeling off on 
all five cells. The last 15 thermal cycles only made the blistering and 
peeling worse. Figure 135 is a photograph showing the blistering and 
peeling after the completed proton test. The summary plots. Figures 
136, 137, 138 and 139 and tabulated data (Tables 34A and 34B) indicate 
that once the PFA curled up protons were able to penetrate and degrade 
the cell electrically. As in the case of the electron damage the 
mechanical damage was so severe that no meaningful electrical performance 
conclusions can be made. Figures 1404 and 140B ^re in situ I-V curves 
for a cell showing how the cell degraded. The sair.ple temperature during 
the irradiation ranged from 57°C to 58°C. 
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TABLE 34A. TABULATED QE CELL DATA - PROTON IRRADIATION 



GE CELLS 

PROTON IRRADIATION EK-SITU 



TEMP. CO ; 

25 AREA . 4. 

INTENSITV 1-^AM0 


Leve 1 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Number 

I s c / 1 s c o 

Voc /Voco 

PtiiK/Prfixo 

F. F /F. F. o 

0 

1. 000 

1. 000 

1. 000 

1. 000 

1 

0. 928 

0. 982 

0. 876 

0. 980 



QE CELLS 

PROTON I RRAD I AT I ON I N-S ITU 



TEMP, CO : 

25 AREA . 4. 

INTENSITV 1=+=RM0 


Level 

AVE RAGE 

AVERAGE 

AVERAGE 

AVERAGE 

f-4urnber 

Isc/ Is CO 

Voc /Voc o 

Priix/Phixo 

F. F. /F. F. o 

0 

1. 000 

1. 000 

1. 000 

1. 000 

i 

0. 979 

0. 997 

0. 976 

0. 999 

2 

0. 982 

0. 997 

0. 933 

0. 953 

T;; 

0. 773 

0. 975 

0. 721 

0. 950 

4 

v3. 811 

0. 977 

0. 754 

0. 951 




GE CELLS PROTON IRRADIATION EK 

-SITU 





TEMP. 

C C > : 25 

AREA 

4 INTENSITV 

1^-kAM0 



Ser val 

L e ve 1 

Isc 

Isc/ 

Voc 

Voc/ 

Pm.x 

Pnix/ 

Fvll 

F. F. / 

Number 

fJumber 

' . I ll A > 

I SCO 

CniV> 

Voc o 

C tnW > 

Pmxo 

Fac 

F. F o 



135. 6 

1, 000 

559 1 

1. 000 

58. 03 

1. 000 

0. 765 

1. 000 

S07 

0 

0 0 

0. 000 

0 v3 

0. 000 

0 00 

0. 000 

0. 000 

0 000 

S0b 

0 

147. 2 

1 000 

567, 0 

1. eei0 

63. 76 

1. 000 

0. 764 

1 000 

803 

0 

127. 9 

1 000 

542. 3 

1. 000 

51. 97 

1. 000 

0, 749 

1. 000 

310 

0 

130. 0 

1. 000 

549. 4 

1. 000 

54. 68 

1 000 

0. 766 

1. 000 

805 

1 

0. 0 

0. 000 

0. 0 

0. 000 

0. 00 

0. 000 

0 000 

0. 000 


1 

01. 0 

0 . 000 

V*1 0 

0 000 

0 00 

0. 000 

0. 000 

0. 000 

*3* y y 

1 

139. 1 

0. 945 

564. 5 

0. 996 

58 02 

0. 910 

0. 739 

0. 968 

809 ♦ 

i 

111 2 

0. 869 

472. 3 

0, 871 

j>2. 22 

0. 62t^ 

0 614 

0 819 

810 

1 

118. 5 

0. 912 

531. 6 

0. 968 

46. 00 

0. 341 

0. 730 

0, 953 


-I MOT INCLUDED IN AVERAGE 
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TABLE 348. TABULATED QE CELL DATA - PROTON IRRADIATION 


GE CELLS PROTON IRRADIATION IN-SITU 
TEMP. <C>; 25 AREA; 4 INTENSITY 1*AM0 


Serial 

Lev© 1 

Isc 

Isc / 

Voc 

Voc / 

Pmx 

Pmx/ 

Fill 

H\j.Uiber 

Number 

< m A > 

Is 

:cO 

CmV> 

Voco 

•7mW> 

Pmxo 

Fcic. 

866 

0 

115. 

1 

1. 

000 

565. 

9 

1. 

000 

50. 

19 

1. 

000 

0. 771 

807 

0 

0. 

0 

0. 

000 

0. 

0 

0. 

000 

0. 

00 

0, 

000 

0. 000 

80S 

0 

124. 

5 

1. 

000 

577. 

1 

1. 

000 

55. 

37 

1. 

000 

0. 

771 

809 

0 

107. 

7 

1. 

000 

554. 

1 

1. 

000 

46. 

65 

1. 

000 

0. 

781 

810 

0 

109. 

5 

1. 

000 

556. 

9 

1. 

000 

47. 

42 

1. 

000 

0. 

778 

806 

1 

113. 

ai' 

0. 

985 

566. 

8 

1. 

001 

49. 

80 

0. 

992 

0. 

775 

S0? 

1 

109. 

0 

0. 

000 

561. 

4 

0. 

000 

47. 

66 

0. 

000 

0. 

779 

808 

1 

119. 

9 

0. 

963 

573. 

3 

0. 

993 

53. 

00 

0. 

957 

0. 

771 

809 

1 

105. 

4 

0. 

979 

551. 

8 

0. 

996 

45. 

05 

0. 

966 

0. 

775 

810 

1 

108. 

5 

0. 

991 

556. 

0 

0. 

998 

46. 

84 

0. 

988 

0. 

776 

306 

2 

113. 

5 

0. 

986 

567. 

6 

1. 

003 

49. 

46 

0. 

985 

0 . 

768 

337 

0 

109. 

1 

0. 

000 

565. 

el 

0. 

000 

47. 

90 

0. 

000 

0. 

777 

308 

2 

120. 

6 

0. 

968 

574. 

5 

0. 

996 

51. 

40 

0. 

928 

0 . 

742 

809 

2. 

106. 

2 

0. 

986 

551. 

4 

0. 

995 

38. 

97 

0. 

835 

0. 

665 

810 

el 

108. 

1 

0. 

988 

554. 

2 

0. 

995 

46. 

68 

0. 

984 

0. 

779 

806 


0. 

0 

0. 

000 

0. 

0 

0. 

000 

0. 

00 

0. 

000 

0. 

000 

80? 


34. 

4 

0. 

000 

533. 

6 

0. 

000 

30. 

94 

0. 

000 

0. 

687 

808 

— ■ 

0, 

0 

0. 

000 

0. 

0 

0. 

i*ri0 

0. 

00 

0. 

000 

0. 

000 

809 * 

aS 

0 

5 

0. 

7’ 7 6 

480. 

i' 

0. 

868 

elj>. 

20 

0. 

497 

0. 

578 

S10 


85. 

el 

0. 

778 

542. 

8 

0. 

975 

34, 

18 

0. 

721 

0. 

739 

y 06 

4 

0. 

0 

0. 

000 

0. 

0 

0. 

000 

0. 

00 

0, 

000 

0. 

000 

807 

4 

85. 

3 

0. 

000 

533. 

6 

0. 

000 

28. 

78 

0. 

000 

0. 

629 

808 

4 

0. 

0 

0. 

000 

0. 

0 

0. 

000 

0. 

00 

0, 

000 

0. 

000 

809 

4 

0 

0 

0. 

000 

0. 

0 

0. 

060 

0. 

00 

0. 

000 

0. 

000 

310 

4 

88. 

8 

0 

811 

544, 

cl 

0. 

977 

35. 

74 

0. 

754 

0. 



+NOT INCLUDED IN AVERAGE 
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F. F. / 
F. F. o 

1 , 000 
0 . 000 
1 . 000 
1 , 000 
1 . 000 

1. 006 
0 . 000 
1 . 001 
0. 991 
0. 998 

0. 996 
0 . 000 
0. 963 

0. 851 

1 . 002 

0 . 000 
0 . 000 
0 , 000 
0. 739 
0, 950 

0. 000 
0. 000 
0. 000 
0 . 000 
0. 951 



CURRENT CMA> 


8/N t 

608 

LEVEL 1 

0 

1 

2 

TEHP* 

26 C 

I8CCHA> 1 

107.7 

106.4 

106.2 

AREA* 

4 

VOCCMV> • 

664.1 

661 .8 

661 .4 

INT.i 

t»AM0 

PNAXCMU>i 

46.0 

46.1 

38.0 



F.F. 

0.781 

0.776 

0.606 
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POWER CMU> 


cv 


8/N 1 

888 

LEVEL 1 

3 4 

TEMP* 

26 C 

Z8CCMA> * 

83.6 NO OUTPUT 

AREAt 

4 

VOC<HV> • 

488.7 

INT.i 

ti»AMe 

PMAXCMW> 1 

23.2 



P.F. . 

8.678 
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6.9.3 UV Exposure 

There were small hairline cracks In the PFA after 4000 ESH 
and by the end of the test all the samples had them (see Figure 141). 
The summary plots (Figures 142, 143, 144 and 145) show that there was 
a 13 percent drop In 1^^. over the entire test with no change In 
This was apparently due to the cracks scattering the solar spectrum and 
darkening of the DC 93-500. The tabulated data are contained In Tables 
35A and 35B and an In situ I-V curve Is shown In Figures 146A, 146B 
and 146C. The sample temperature ranged from 53®C to 59*C during the 
UV exposure. 
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FIGURE 145 . 6E CELLS UV 2n«4ADIAT10N IN SITU 
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TABLE 39A. TABULATED GE CELL DATA - UV XARADXATXON 



GE CELLS 

UV 

IRRADIATION 

EX-SITU 



TEMP <C> 

25 

AREA 4. 

INTENSITY leAM0 


L«S’v<tl 

AVERAGE 


AVERAGE 

average 

AVERAGE 

Number 

Isc/lsco 


Voc/Voco 

Pwx/Pmxo 

F F /F F. o 

0 

1. ewe 


1 . eee 

1. 000 

1. 000 

4 

X 

e. 


0 996 

0 92? 

1. 003 



GE CELLS 

UV IRRADIATION 

IN SITU 



TEMP, <C > 

25 AREA 4 

INTENSITY 1*AM0 


Lev'n:! 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 


i c / 1 s c o 

Voc .• ‘Voc o 

Pmx.‘Pm.xo 

F F .F F o 

VI 

1 000 

1 000 

1 000 

1 000 

L 

0 91? 

0 996 

0. 899 

0 984 


0. 915 

0 995 

0 899 

0 987 

„• 

0, 87? 

0 993 

0. 862 

0 990 

4 

0. 868 

0 994 

0 855 

0 990 

t:* 

0 866 

0 994 

0 851 

0 989 

6 

0 869 

0 994 

0 857 

0 992 


GE CELLS UV IRRADIATION EK-SITU 
TEMP ^O; 25 AREA; 4 INTENSITY 1*AM0 


Ser x a 1 

Lev^l 

l5C 


Isc/ 

Voc 

Voc/ 

Pmx 

Pmx/ 

Fxl 1 

F. F / 

Nunxber 

Number 


Isco 

<mV) 

Voco 

< mW > 

Pmxo 

Fuc . 

F, F o 

811 

0 

128 

5 

1 000 

566 2 

1. 000 

55. 82 

1. 000 

0 76? 

1 000 

812 

U 

131 


1 000 

573 3 

1. 000 

5 % . • ‘ 6 

1. 000 

0. 767 

1 000 

812 

0 

127 

6 

1 000 

562 4 

1. 000 

56. 40 

1 000 

0 786 

1 000 

814 

0 

143 

8 

1 000 

592 5 

1 000 

65. 78 

1 000 

0. 772 

1 000 

815 

U 

0 

0 

0 000 

0 0 

0. 000 

0. 00 

0 000 

0. 000 

0 000 

811 

1 

116 

1 

0 903 

563 9 

0. 996 

50, 77 

0 909 

0. 776 

1. 011 

y 

1 

122 

1 

0. 935 

568 7 

0. 992 

53 40 

0 925 

0, 765 

0. 997 

813 

1 

118 

i 

0 926 

562 1 

0. 999 

52, 36 

0. 928 

0 789 

1 003 

814 

.1 

125 

9 

0. 945 

591 1 

0 998 

62. 09 

0 944 

0. 773 

1 001 

815 

i 

120 

1' 

0 000 

572 4 

0 000 

50, 07 

0 000 

0 725 

0 000 


D180-26590-1 

196 



TRBLE 35B. TRBULRTED Q£ CELL DATR - UV IRRRDIRTION 


Serial 

Number- 

811 

812 

813 

814 

815 

811 

812 

813 

814 

815 

811 

813 

814 

815 

811 

812 

813 

814 

815 

811 

812 

813 

814 

815 

811 

812 

813 

814 

815 

811 

813 

314 

815 


GE CELLS UV IRRADIATION IN SITU 
TEMP. <C>: 25 AREA: 4 INTENSITV 1>*«AM0 


Level 

Isc 

l£C/ 

Number 

<mA> 

Isco 

0 

128. 

3 

1. 

800 

0 

129. 

8 

1. 

000 

0 

126. 

9 

1. 

000 

0 

142. 

8 

1. 

000 

0 

0. 

0 

0. 

000 

1 

116, 

1 

0. 

905 

1 

120. 

3 

0. 

926 

A 

_L 

116. 

0 

0. 

914 

1 

131. 

9 

0. 

923 

1 

0. 

0 

0 

000 

2 

115. 

9 

0. 

903 

2 

120. 

5 

0. 

928 


115. 

4 

0. 

909 


131. 

4 

0. 

920 

£L 

119. 

5 

0. 

000 


109. 


0. 

852 

J3> 

114. 

3 

0. 

884 


111. 

7 

0. 

880 


127. 

—y 

f 

0. 

394 

3 

0 

& 

0. 

000 

4 

108. 

1 

0. 

843 

4 

114. 

1 

0. 

879 

4 

110. 

5 

0. 

871 

4 

125. 

9 

0. 

831 

4 

112. 

1 

0. 

000 

5 

107. 

1 

0. 

835 

5 

113. 

4 

0. 

874 

5 

110. 

4 

0. 

870 

5 

126. 

3 

0 . 

884 

5 

111. 

1 

0. 

000 

6 

107. 

2 

0. 

836 

6 

114. 

r 

0. 

383 

6 

110. 

4 

0. 

370 

6 

126. 

5 

0. 

885 

6 

111. 

5 

0. 

000 


Voc Voc/ Pmx 

CmV> Voco <mW) 


565. 

2 

1. 000 

56. 

38 

572. 

4 

1. 000 

57. 

40 

558. 

9 

1. 000 

55. 

50 

588. 

4 

1. 000 

65. 

09 

0. 

0 

0. 000 

0. 

00 

562. 

6 

0. 995 

49. 

85 

570. 

4 

0. 996 

51. 

73 

556. 

5 

0. 996 

49. 

27 

537. 


0. 998 

59. 

93 

0. 

0 

0. 000 

0. 

00 

563. 

0 

0. 996 

50. 

07 

565. 

0 

0. 987 

51. 

19 

556. 

7 

0. 996 

50. 

04 

588. 

8 

1. 001 

59. 

44 

562. 

4 

0. 000 

47. 

25 

560. 

5. 

0. 992 

46. 

95 

564. 

6 

0. 986 

49. 

28 

556. 

5 

0. ■^6 

48. 

71 

587. 

8 

0. 999 

57. 

39 

0. 

0 

0. 000 

0. 

00 

561. 

8 

0. 994 

46. 

32 

563. 

8 

0. 985 

49. 

10 

557. 

6 

0. 998 

48. 

04 

588. 

2 

1. 000 

57. 

07 

561. 

8 

0. 000 

44. 

42 

561. 

2 

0. 993 

45. 

83 

563. 

7 

0. 985 

48. 

58 

557. 

7 

0. 998 

48. 

21 

587. 

9 

0. 999 

57. 

09 

563. 

5 

0. 000 

41. 

86 

561. 

4 

0. 993 

46. 

29 

564. 

1 

0. 986 

49. 

05 

557. 

5 

0. 998 

48. 

60 

588. 

1 

1. 000 

57. 

17 

561. 

7 

0. 000 

44. 

35 


Pmx/ 

Fill 

F. 

F. / 

Pmxo 

Fac. 

F. 

F. o 

1. 000 

0. 

778 

1 . 

030 

1. 000 

0. 

772 

1. 

000 

1. 000 

0. 

782 

1. 

000 

1. 000 

0. 

774 

1. 

000 

0. 000 

0. 

000 

0. 000 

0. 384 

0. 

764 

0. 982 

0. 901 

0 . 

754 

0. 976 

0. 888 

0. 

763 

0. 975 

0. 921 

0 . 

774 

0. 999 

0. 000 

0. 

000 

0. 000 

0. 888 

0. 

767 

0. 

987 

0. 892 

0. 

752 

0. 

973 

0. 901 

0. 

779 

0. 996 

0. 913 

0. 

768 

0. 

992 

0. 000 

0. 

703 

0. 

000 

0. 333 

0. 

767 

0. 

986 

0. 858 

0. 

760 

0. 

985 

0. 878 

0. 

734 

1. 

001 

0. 882 

0. 

765 

0. 

988 

0. 000 

0. 

000 

0. 

000 

0. 822 

0. 

763 

0 . 

981 

0. 855 

0. 

763 

0. 

938 

0. 866 

0. 

780 

0. 

996 

0. 877 

0. 

771 

0. 

995 

0. 000 

0. 

705 

0. 

000 

0. 813 

0. 

763 

0. 

981 

0. 846 

0. 

760 

0. 

984 

0. 868 

0. 

783 

1. 

000 

0. 877 

0. 

769 

0. 

993 

0. 000 

0. 

669 

0. 

000 

0. 821 

0. 

769 

0. 

989 

0. 855 

0. 

758 

0. 

982 

0. 876 

0. 

790 

1. 

009 

0. 878 

0. 

769 

0, 

992 

0. 000 

0. 

703 

0. 

000 
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CURRENT CMA> 


e 


1 

iie.i 


2 

116.0 


S/N • 811 LEVEL t 

TEMPI 26 C Z8CCMA> • 128.3 

AREA! 4 CM^ V0CCMV> i 666.2 662.6 663.8 

ZNT.i 1»AM6 PMAXCHW>t 66.4 40.0 60.1 

F.F. . 0.778 0.764 0.767 



VOLTAGE CMV> 

FIGURE 146A 

6E CELLS UV IRRADIATION IN SITU 
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POWER CMW> 


CURRENT CMA^ 


S/N > 

an 

LEVEL 1 

3 

4 

TEMPI 

26 C 

ISCCMA> 1 

180.3 

108. 1 

AREAi 

4 CM^ 

VOCCMV> • 

508.6 

601 .8 

INT. 1 

1»AM0 

PMAXCMW> I 

47.8 

40.3 



F.F. • 

8.767 

0.703 



VOLTAGE CMV> 


FIGURE 1468 

GE CELLS UV IRRADIATION IN SITU 
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POWER CMW> 








6.10 


DOUBLE NUMBER CELLS 


(Spectrolab 2-m11 space-qualified texturized BSF cells* 2-m11 
0211 as cover; 2-m11 FEP-A adhesive; 2-m11 FEP-20C, 1 1/2 mil fiberglass* 
2-m11 FEP-20C and l-m11 Kapton backing.) 

6.10.1 Electron Irradiation 

There Mas a slight haze when viewed at an angle between the 
covers and the cells after the first set of thermal cycles. The next 

1 g p 

visible damage occurred after a total fluence of 1 x 10 e/cm In 
which a total of three cells had cracked covers. After the final set 
of thermal cycles the cell -cover Interface looked hazy when viewed at 
an angle and the covers were coming loose. When the samples were re- 
moved from the sample plate the backing separated from the cell. There 
Is Insufficient information about this cell type to permit conclusive 
separation of cover/cell response. Figures 147* 148, 149 and 150 are 
summary plots of the test parameters. The last data point (7) on the 
summary plots taken right after the last set of thermal cycles shows 
that the samples were in poor condition. The dropped indicating 
that the samples were loosing contact with the thermal control plate 
and heating up. During the ex situ measurements the samples were made to 

have better thermal contact and therefo'^e a more realistic V was ob- 

oc 

tained as the summary plot indicates (Figure 148). Tables 36A 
and 36B list the tabulated data and Figure 151 shows pre- and post-test 
I-V curves. The sample temperature ranged from 54°C to 57°C during the 
electron irradiation. 
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l4" li® 


FLUENCE CE/CM^23 

FIGURE 148. DN SERIES ELECTRON IRRADIATION IN-SITU 
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NORMALIZED F.F. NORMALIZED P«k 



FIGURE ISe.DN 8»:RIC8 ELECTRON IRRADIATION IN-SITU 





TRBLE 36fl. TRBULRTEO ON SERIES ORTR - ELECTRON IRRROIRTION 

ON SERIES ELECTRON IRRftDIRTIOr4 EX-SITU 



TEMP. 0:> : 

25 AREA : 4. 

INTENSITY l*At10 


L€’V®' 1 
Number 

AVERAGE 

Isc/tsco 

AVERAGE 

Voc/Voco 

AVERAGE 

Pmx/Pmxo 

AVERAGE 

F. F. /F. F. o 

0 

1 

•1. 090 
0. 806 

1. 000 
0. 700 

1. 000 
0. 597 

1 000 
0. 951 



DN SERIES 

ELECTRON IRRADIATION IN-SITU 




TEMP, <C> ; 

25 AREA . 4. 

INTENSITY l=fAM0 



Le’V^'e 1 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Nuinber 

I S C I*’'* 1 s c o 

Voc .••■'Voc o 

Pm:>t/'Pn'i;.<o 

F. F. 

/F. F. o 

0 

1. 000 

1. 000 

1. 000 

1. 

000 

1 

0. 940 

0. 890 

0 834 

0. 



0 908 

0. 861 

0. 774 

0. 

991 

Z: 

0. 914 

0. 865 

0. 785 

0. 

994 

4 

0. 814 

0. 806 

0. 645 

0. 

982 

5 

0, 825 

0. 792 

0. 637 

0 

976 

i£i 

0. 782 

0. 762 

0. 577 

0. 

968 

V' 

0. 855 

0. 588 

0. 438 

0. 

870 


DN SERIES ELECTRON IRRADIATION EX-SITU 
TEMP. <C>; 25 AREA: 4 INTENSITV l>*<AMe 


Ser 1 . a 1 

Level 

Isc 

I s c . ' 

Voc 

Voc/ 

Pmx 

Pm.x/ 

F vU 

F. F. / 

Number 

Number 

'■! rnfi > 

Is CO 

<mV> 

Voco 

<mW> 

Pmxo 

Fac. 

F. F o 

901 

0 

161. 8 

1 000 

580. 7 

1. 000 

69. 18 

1. 000 

0. 756 

1. 000 

902 

0 

158. 3 

1. 000 

585. 6 

1. 000 

69, 43 

1. 000 

0. 749 

1. 000 

903 

0 

162. 2 

1 000 

587. 3 

1 008 

72. 48 

1. 000 

0. 761 

1 000 

904 

0 

166. 0 

1 000 

588. 5 

1. 000 

75. 34 

1. 000 

0. 771 

1. 000 

905 

0 

162. 4 

1. 000 

586. 4 

1. 000 

69. 68 

1. 000 

0. 732 

1 000 

901 

1 

134. 5 

0. 831 

452. 9 

0. 780 

40 07 

0. 579 

0. 658 

0. 894 

902 

1 

126. 8 

0. 801 

457. 8 

0. 782 

42. 95 

0. 619 

0. 740 

0. 988 

903 

1 

126. 5 

0. 780 

459. 7 

0. 783 

43. 06 

0. 594 

0. 740 

0. 973 

904 

1 

134 i 

0, 808 

455 2 

0. 774 

42. 76 

0. 568 

0. 701 

0. 908 

905 

1 

131 4 

0 809 

457 1 

0. 780 

43. 59 

0. 626 

0. 726 

0. 992 
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[)N SERIES ELECTRON IRRRDIflTION IN-SITU 
TEMP. <C): 25 AREA ; 4 INTENSITV 1-««AM0 


Ser la I 

Lev'el 

Isc 

Isc/ 

Voc 

Voc 7 

Pmx 

Pmx7 

Fill 

F. 

F. / 

Niurtber 

Number 

<mR> 

Is-co 

<mV> 

Voco 

<mN> 

Pmxo 

Fac. 

F. 

F. o 

901 

0 

140. 

0 

A 

000 

582. 

7 

1. 

000 

60. 

73 

1. 

000 

0. 

744 

1. 

000 

902 

0 

133. 

8 

1. 

000 

588. 

8 

1. 

000 

59. 

34 

1. 

000 

0. 

759 

1. 

000 

903 

e 

136. 

4 

1. 

000 

576. 

1 

1. 

000 

60. 

42 

1. 

000 

0. 

769 

1. 

000 

904 

0 

139. 

6 

1. 

000 

568. 

0 

1. 

000 

63. 

97 

1. 

000 

0. 

779 

1. 

000 

905 

0 

139. 

4 

1. 

000 

587. 

1 

1. 

000 

60. 

08 

1. 

000 

0. 

734 

1. 

000 

901 

1 

132. 

6 

0. 

947 

519. 

8 

0. 

892 

50. 

83 

0. 

837 

0. 

738 

0. 991 

902 

1 

124. 

2 

0. 

928 

523. 

3 

0. 

889 

49. 

77 

0. 

832 

0. 

766 

1. 

008 

903 

1 

128. 

4 

0. 

941 

514. 

5 

0. 

893 

50. 

55 

0. 

837 

0. 

765 

0. 

995 

904 

1 

131. 

6 

0. 

942 

524. 

0 

0. 

891 

53. 

14 

0. 

831 

0. 

771 

0. 

989 

905 

1 

131. 


0. 

942 

519. 

5 

0. 

885 

50. 

21 

0. 

836 

0. 

736 

1. 

003 

901 

2 

129. 

2 

0. 

922 

502. 

8 

0. 

863 

47. 

87 

0. 

788 

0. 

737 

0. 

990 

902 

2 

119. 

2 

0. 

891 

506. 

2 

0. 

860 

45. 

76 

0. 

765 

0. 

758 

0. 

999 

903 

2 

124. 

4 

0. 

912 

498. 

6 

0. 

865 

46. 

87 

0. 

776 

0. 

756 

0. 

983 

964 

2 

127. 

0 

0. 

909 

505. 

4 

0. 

859 

49. 

27 

0. 

770 

0. 

768 

0. 985 

905 

2 

126. 

0 

0. 

904 

502. 

6 

0. 

856 

46. 

44 

0. 

773 

0. 

?’3Z' 

0. 

999 

901 

3 

129. 

2 

0. 

923 

504. 

1 

0. 

865 

48. 

35 

0. 

796 

0. 

742 

0. 

997 

902 

3 

120. 

4 

0. 

899 

510. 

2 

0. 

866 

46. 

74 

0. 

781 

0. 

761 

1, 

002 

903 


125. 

1 

0. 

917 

500. 

6 

0. 

869 

47. 

36 

0. 

784 

0. 

756 

0. 

984 

904 


128. 

0 

0. 

917 

507. 

7 

0. 

863 

49. 

92 

0. 

780 

0. 

768 

0. 

986 

90b 

3 

127. 


0. 

912 

504. 

1 

0. 

859 

47. 

00 

0. 

782 

0. 

723 

0. 

999 

901 

4 

115. 

9 

0. 

823 

471. 

6 

0. 

808 

40. 

09 

0. 

660 

0. 

734 

0. 

986 

902 

4 

107. 

i 

0. 

800 

‘•/76. 

I* 

0, 

810 

38. 

35 

0. 

641 

0. 

751 

0. 

989 

903 

4 

112. 

5 

0. 

824 

464. 

1 

0 

H06 

39. 

18 

0. 

648 

0. 

750 

0 

976 

904 

4 

114. 

6 

0. 

821 

472. 

1 

0. 

803 

41. 

10 

0. 

642 

0. 

760 

0. 

975 

905 

4 

111. 

5 

0. 

p-99 

471. 

0 

0. 

802 

37. 

95 

0. 

632 

0. 

723 

0. 

985 

901 

5 

117. 

6 

0. 

840 

463. 

-. 

0. 

795 

39. 

90 

0. 

657 

0. 

I’’ 

0. 

984 

902 


107. 

7 

0. 

805 

471. 

2 

0. 

800 

37. 

81 

0. 

632 

0. 

745 

0. 

981 

903 

5 

113. 

s 

0 

834 

460. 

4 

0. 

799 

39. 

09 

0. 

647 

3. 

746 

0. 

971 

904 

5 

116. 

2 

0. 

832 

456. 

7 

0. 

777 

39. 

78 

0. 

622 

0. 

750 

0. 

962 

905 

5 

113. 

-• 

0. 

312 

463. 

3 

0. 

789 

37. 

79 

0. 

629 

0. 

720 

0 

981 

901 

6 

111. 

0 

0. 

793 

444. 

8 

0. 

763 

35. 

67 

0. 

587 

0. 

723 

0. 

971 

902 

6 

iv31. 

9 

0. 

761 

455. 

*> 

-J- 

0. 

773 

34. 

46 

0. 

576 

0. 

743 

0. 

979 

903 

t» 

198. 

3 

0. 

794 

443. 

0 

0. 

769 

35. 

56 

0. 

'rjS9 

0. 

741 

0 

964 

904 

6 

111. 

6 

0. 

799 

438. 

8 

0. 

746 

35. 

98 

0. 

563 

0. 

735 

0. 

943 

905 

6 

106. 

s 

0. 

764 

444. 

9 

0. 

758 

34. 

17 

0. 

569 

0. 

721 

0. 

932 

901 

7 

123. 

3 

0. 

380 

301. 

1 

6. 

517 

22. 

58 

0. 

3 1' 2 

0. 

608 

0. 

817 

902 

7 

109. 

2 

0. 

316 

385. 

5 

0. 

655 

29. 

53 

0. 

493 

0. 

702 

0. 

924 

903 

■J7 

122. 

1 

0. 

900 

296. 

4 

0. 

514 

22. 

80 

0, 

377 

0. 

627 

0. 

315 

904 

1*' 

119. 

S 

0. 

857 

363. 

5 

0. 

613 

29. 

47 

0, 

461 

0. 

678 

0 

870 

905 

l’ 

115. 

0 

0. 

825 

373. 


0. 

636 

29. 

16 

0, 

485 

0. 

679 

0. 

925 
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CURRENT <MA> 


S/N > 

904 

LEVEL . 

e 

1 

TEMP. 

25 C 

ISCCMA> > 

166.9 

134.1 

AREA. 

4 CM^2 

VOCCHV> . 

588.5 

455.2 

INT.. 

1«AMO 

PMAXCMU> . 

75.3 

42.8 



F.F. 

0.771 

9.701 



FIGURE 151 

DN SERIES ELECTRON IRRADIATION EX-SITU 
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6.10.2 Proton Irradiation 

There Mas no visible damage throughout the test. The sunnary 
plots* Figures 152* 153* 154 and 155 show no damage also. The 2nn11s 
of 0211 stopped the protons as expected and without the radiation harden 
Ing the FEP-A adhesive the thermal cycling did not affect the samples. 
The tabulated data are In Tables 37A and 376 and pre- and post>test I-V 
curves In Figure 156. Sample temperatures ranged from 43**C to 54*’C. 
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li^ t4* 


FLUQCE <P/Or25 

PI6URE 152. DN SERIES PROTON IRRADIATION IN-STTU 



i4^ i4« ,4® 


FLUENCE CP/CH^5 

PI6URE 153. DN SERIES PROTON IRRADIATION IN-SITU 
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NORMALIZED F.F. NORMALIZED Pmk 



FIGURE 155 . DN SERIES PROTON IRRADIATION IN-SITU 
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TABLE 37ft TABULATED DN SERIES DATA - PROTON IRRADIATION 


DN SERIES PROTON IRRADIATION EH-SITU 
TEMP <C> 25 AREA; 4. INTENSITY 1*AM0 


Ltvel AVERAGE AVERAGE AVERAGE 

Nui.be r Isc.'Ii:co Voc/Voco Pinx.-^Pmxo 


AVERAGE 
F. F /F F o 


0 1 000 1 . 000 1 . 000 

1 0. 993 0. 998 1 000 


1 000 
i 003 


DN SERIES PROTON IRRADIATION IN-SITU 
TEMP 25 AREA: 4 I NTENS I T V 1*AM0 


Leve I RVE RAGE 

Number Isc.-' I see* 


AVERAGE AVERAGE AVERAGE 

Voc/Voco Pmx/Pmxo F. F, /F. F. o 


0 1 . 000 

1 0 995 

2 O 998 

^ 0. 98b 

4 0 990 


1 000 

1. 000 

1 00O 

1. 001 

1. 002 

i 006 

1 001 

1. 008 

1 009 

1. 001 

0. 983 

0 996 

1. 002 

0 996 

1 005 


DN SERIES PROTON IRRADIATION EX-SI TO 
TEMP CO: 25 AREA 4 INTENSITY 1*AM0 


r 1 .U 1 

Lev-*e 1 

Isc 

Isc ,* ■’ 

Voc 

imber 

Number 

C iM A > 

I SCO 

< mV > 

906 

0 

160. 3 

1 000 

586. 1 

907 

0 

162. i 

1 000 

581 6 

9£iS 

0 

162. 6 

1 000 

537 3 

909 

0 

160. 1 

1. 000 

586. 3 

910 

0 

161. 6 

1 000 

581 3 

906 

i 

0 0 

0 000 

0 0 

907 

1 

161 0 

0 993 

581 4 

908 

1 

162, 3 

0. 998 

586 2 

909 

1 

161 9 

1 011 

585. 9 

910 

1 

160. 6 

0 994 

577 3 


Voc. • 

Pri»:.N. 

F'mx/ 


F F . ■ 

Voco 

< mW ■' 

Pmxo 

Fuc . 

F F o 

1. 000 

70 59 

1 000 

0, 751 

1 000 

1 000 

67. 61 

1. 000 

0. 717 

1 000 

1 000 

68. 97 

1 000 

0. 722 

1 000 

1. 000 

70 19 

1. 000 

0. 748 

1. 000 

1 000 

70. 41 

1 000 

0 750 

1 000 

0 000 

0 00 

0 000 

0 000 

0. 000 

1 000 

67. 38 

0 997 

0 720 

i 004 

0. 998 

68. 82 

0 993 

0. 723 

1 002 

0 999 

71. 39 

1 017 

0. 753 

1 007 

0 993 

69. 63 

0 989 

0 751 

1 002 
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TABUE 37B. TABUI^TEO ON SERIES - PROTON IRRf^lRTlON 

ON SERIES PROTON IRRADIATION IN-SITU 
TEMP. <C>; 25 AREA; 4 INTENSITV l*AMO 


Ser va 1 

Lifve 1 

Isc 

Isc.’ 

Voc 

Voc/ 

Pm.x 

Pmx/ 

Fill 

F F. / 

Numbie r 

Number 

<mA> 

Isco 

<mV> 

Voco 


Pmxo 

Fac. 

F. F o 

906 

0 

121. ? 

1. 000 

595 9 

i. 000 

55. 61 

1. 000 

0. 767 

1. 000 

90? 

0 

12S. 9 

1. 000 

590 3 

1. 000 

53. 27 

1. 000 

0. 729 

1. 000 

90S 

0 

124. 0 

1. 000 

596. 2 

1. 000 

53. 96 

1. 000 

0 730 

1. 000 

909 

0 

122. 0 

1. 000 

594. 5 

1. 000 

55. 53 

1. 000 

0. 7 66 

1. 000 

910 

0 

122. ? 

1. 000 

586. 5 

1. 000 

54. 65 

1. 000 

0. 759 

1. 000 

906 

1 

121. 0 

0. 994 

596. 2 

1. 001 

55. 74 

1. 002 

0. 773 

1 008 

90? 

1 

123. 1 

0. 994 

590. 4 

1. 000 

53. 33 

1. 001 

0. 734 

1. 007 

90S 

1 

123. ? 

0. 99S 

596. 5 

1. 001 

54. 22 

1. 005 

0. 735 

1. 006 

909 

1 

120 8 

0. 990 

594. 5 

1. 000 

55. 65 

1. 002 

0. 775 

1. 012 

910 

1 

122. 5 

0. 998 

588. 5 

1. 003 

54 50 

0. 997 

0. 756 

0. 996 

906 


120 ? 

0. 992 

596. 2 

1. 001 

55. 81 

1. 004 

0 776 

1 011 

90? 

•3> 

123, 0 

0. 993 

591. 1 

1. 001 

53. 79 

1. 010 

0 740 

:1 015 

90S 


124. S 

1. 006 

596 6 

1. 001 

55. 0? 

1 020 

0 740 

1 013 

909 

o 

122. 1 

1 001 

594 4 

1. 000 

55. 76 

1. 004 

0. 769 

1. 004 

910 


122. 6 

0. 999 

588. 5 

1 003 

54. 80 

1 003 

0 760 

1, 001 

906 


118. ? 

0. 976 

595. 8 

1. 000 

54. 0? 

0 972 

0. 764 

0 997 

90? 


121. 5 

0. 981 

590 9 

1. 001 

52. 17 

0. 979 

0. 727 

0 998 

90S 

jj. 

124. 2 

1. 002 

595. ? 

0 999 

53. 39 

999 

0. 72S 

0. 99S 

909 


120. 0 

0. 9S4 

594 2 

0. 999 

54 43 

0. 980 

0. 764 

0 997 

910 


121. 5 

0 990 

53S. 4 

1 

53. 73 

0 983 

0. 752 

0. 990 

906 

4 

119 9 

0. 986 

596. 1 

1. 000 

54. 75 

0. 985 

0. 766 

0. 999 

90? 

4 

121. 1 

0. 97S 

591. 0 

1. 001 

53. 32 

1 001 

0 745 

1 023 

90S 

4 

124. 0 

1. 000 

597. 5 

1. 002 

53. 86 

0. 99S 

0, 727 

0. 996 

909 

4 

121. 2 

0 994 

594. ? 

1 000 

55. 22 

0 995 

0. 766 

1 001 

910 

4 

121. 6 

0. 991 

5S8. ■? 

1 004 

54. 69 

1. 001 

0. 764 

i. 006 
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CURRENT CHA> 


S/N « 

907 

LEVEL 

e 

1 

TEMPI 

28 C 

ISCCMA> : 

162.1 

161 .0 

AREAi 

4 CM^2 

VOCCMV> « 

561 .6 

581 .4 

INT. t 

1»AM0 

PMAXCMU> • 

67.6 

67.4 



F.F. 

0.717 

0.720 



FIGURE 156 

PROTON IRRADIATION EX-SITU 
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DN SERIES 


POWER CMW> 



6.10.3 UV Exposure 

There was no visible damage throughout the test. The summary 
plots Figures 157» 1S8, 159 and 160 also Indicate there was no damage. 
Tables 38A and 388 contain the tabulated data and Figure 161 shows 
examples of pre- and post-test I-V curves. The sample temperature during 
the exposure ranged from 55®C to 60°c. 
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TRBLE 38fl. TRBULflTEC) DN SERIES ORTR - UV IRRRDIRTION 


C.*N SERIES UV IRRfiOIflTION EX-SUU 
TEMP. <C>; £5 RREA ; 4. INTENSITV 1*I=IM0 


L.6 ve 1 
Number 

RVERRQE 

1st: / 1 s c o 

RVERRGE 

Voc/Voco 

RVERRGE 

Pruxf'Pmxo 

AVERAGE 
F F. /F, F o 

0 

1 

1, 000 
1. 004 

1 000 
1. 003 

1. 000 

1. 008 

1. 000 

1. 001 


DN CELLS 

UV IRRftDlRTION 

IN SITU 




TEMP. tO: ; 

25 AREA; 4. 

INTENSITV l*Ari0 


ve 1 

RVERADE 

AVERAGE 

AVERAGE 

WERfiOE 


I r- C .■ I :: C O 

Vot .■■■' Voc o 

Pru.'.-. 

f. F /f F 

0 

i. 000 

1 000 

1. 000 

1 000 

1 

0. S*'33 

0. 997 

0. 983 

0. 393 

2 

0. 9S*i 

0. 998 

0. 982 

0. 993 

-■ 

0. 991 

1. V300 

0. 983 

0 993 

4 

0. 9S0 

0. 999 

0. 976 

0 997 

5 

0. 982 

1. 000 

0. 980 

0 998 


0. 98£i 

1. 000 

0. 982 

0 994 


DM SERIES 

UV IRRADIATION EX-SITU 



TE MP CC -: 25 RREft ; 4 INTENSITV 1*RN0 


Se' val 

Le ve 1 

Is c 


Isc/ 

Vcc 


Vot.' 

Pft1> 


F’mx/ 

Fvll 

F. 

F. / 

Nu*u\:-er 

Number' 

rri R 

Isco 

tmV> 

Voc 0 

> 

Pnrixo 

FciC. 

F 

F. 0 

911 

0 

162 . 


1 000 

600 

4 

1 . 000 

74 . 

69 

1 . 

000 

0. 767 

1 . 

000 

9;12 

0 

ISl 

8 

1. 000 

606. 

0 

1 . 000 

73 . 

91 

1 . 

000 

0. 754 

1 . 

000 

913 

0 

162 . 

9 

1. 000 

607. 

5 

1 . 000 

73 . 

46 

1 

000 

0 742 

1 . 

000 

914 

0 

163 

■•1 

J. 000 

607 

e 

1 . 000 

73 . 

54 

1 . 

000 

0. 741 

1 

000 

915 

0 

163 

4 

1 . 000 

608 

4 

1 . 000 

75 . 

93 

1 . 

000 

0. 764 

1 . 

000 

911 

1 

159. 

5 

0. 984 

600. 

9 

1 . 001 

73 . 

44 

0 . 

983 

0. i'i?6 

0 

999 

912 

1 

164. 

0 

1. 014 

608. 

8 

i. 004 

75 . 

23 

i 

Jl. 

018 

0 753 

1 . 

000 

913 

1 

162 


0 997 

609 

4 

1 005 

73. 

91 

1 . 

006 

0. 74? 

1 

006 

914 

1 

166 . 


1. 019 

610 

1 

1 004 

74 . 

93 

1 . 

019 

0 . 739 

0 

■997 

915 

1 

164 

Cl 

1 009 

609 

7 

1 002 

77 

13 

1. 

016 

0 767 

1. 

004 
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TABLE 38B. TABULATEC* DN SERIES DATA - UV IRRADIATION 


DN CELLS UV IRRADIATION IN SITU 
TEMP, c;C> ; 25 AREA: 4 INTENSITY l»^flM0 


Sn:r val 

Leve 1 

Isc 


I s c / 

Voc 

Voc/ 

Pmx 

Pmx/ 

FvU 

F. 


Number 

Number 

<mF 

1.:* 

Isco 

CmV.'J 

Voco 


Pmxo 

Fcic , 

F. 

F. o 

911 

0 

161, 

5 

1 

000 

597. 9 

1. 

000 

74. 36 

1. 

000 

0. 

770 

1. 

000 

912 

0 

161, 


1, 

000 

606. 2 

1. 

000 

74. 03 

1. 

000 

0. 

757 

1. 

000 

912 

0 

161, 

5 

1. 

000 

607. 9 

1. 

000 

73. 19 

1. 

000 

0. 

746 

1. 

000 

914 

0 

162, 

4 

1. 

000 

609. 1 

1. 

000 

t'Z. 68 

1. 

000 

0. 

730 

1. 

000 

915 

0 

162. 

9 

1. 

000 

609. 1 

1. 

000 

77. 38 

1. 

000 

0, 

775 

1. 

000 

911 

1 

158, 

6 

0. 

982 

596, 5 

0. 

998 

72. 30 

0. 

972 

0. 

764 

0. 

992 

912 

1 

161. 


1, 

000 

605. 2 

0, 

998 

73. 63 

0. 

995 

0. 

754 

0. 

997 

912 

1 

159 

1 

0. 

9S6 

605. 2 

0. 

995 

71. 87 

0. 

982 

0. 

746 

1. 

001 

914 

1 

161 


1. 

005 

607. 5 

0. 

997 

72. 72 

1. 

001 

0. 

729 

0. 

998 

915 

1 

162. 

1 

0. 

995 

606. 0 

0. 

995 

74. 46 

0, 

962 

0 

754 

0. 

972 

911 

i? 

158. 


0, 

980 

598. 1 

1, 

000 

72 05 

0. 

969 

0. 

761 

0 

939 

912 

cl 

161. 

0 

0, 

95*8 

606 4 

1 

000 

73. 48 

0. 

993 

0. 

752 

0. 

994 

912 

«s2 

159. 


0. 

986 

606. 5 

0. 

998 

71. 29 

0. 

974 

0. 

738 

0. 

990 

914 


164 

4 

1. 

006 

607. 7 

0. 

998 

Vs. SV 

1. 

014 

0. 

738 

1. 

010 

915 


161 

0 

0, 

982 

607. 0 

0. 

996 

74. 27 

0. 

961 

0 

761 

0. 

982 

911 


157. 

1 

0. 

972 

598 4 

1. 

001 

72. 02 

0 

969 

0. 

766 

0. 

995 

912 


161 


1 

000 

607. 5 

1 

002 

r . t:l <■' 

0, 

990 

0 

748 

0, 

988 

912 


159. 

4 

0, 

987 

607 2 

0 

■ |C|C| 

71. 00 

0 

970 

0. 

724 

0 

934 

914 


165, 

1 

1. 

010 

609. 2 

1. 


73. 89 

1. 

017 

0, 

725 

1 

006 

915 

-> 

161. 

~> 

0. 

984 

609. 0 

1. 

000 

74. 98 

0. 

969 

0 

764 

0. 

985 

911 

4 

155. 

0 

0 

960 

598 1 

1. 

000 

70 96 

0. 

954 

0, 

765 

0 

994 

912 

4 

159. 

3 

0. 

990 

607. 0 

1. 

001 

72. 08 

0 

987 

0. 

752 

0. 

995 

912 

4 

156. 

s 

0 

969 

606. 6 

0. 

998 

70. 88 

0. 

968 

0. 

747 

1. 

001 

914 

4 

162 

1 

0. 

998 

608 8 

0 

999 

r‘ 8. 20 

1. 

007 

0 

737 

1. 

010 

915 

4 

161. 

1 

0. 

982 

607. 5 

0. 

997 

74. 67 

0 

965 

0 

762 

0 

984 

911 

er 

155. 

9 

0. 

966 

597. 9 

1 

000 

71, 41 

0. 

960 

0 

766 

0 

995 

912 

5 

160. 

5 

0 

995 

606. 6 

1. 

000 

72. 40 

0. 

991 

0 

754 

0. 

996 

912 

t.- 

157. 

V' 

0 

977 

607. 2 

0 

999 

71. 21 

0. 

973 

0 . 

744 

0 

997 

914 

‘5 

162 

S 

0. 

997 

609 2 

1 

000 

72 17 

1. 

007 

0 

738 

1. 

OiO 

915 


160. 

4 

0. 

979 

608 4 

0. 

999 

74. 61 

0. 

964 

0. 

764 

0 

937 

911 

6 

156. 

b 

0 

969 

598, 8 

1, 

001 

71. 70 

0. 

964 

0. 

765 

0 

994 

912 

6 

161. 

1 

1 

002 

606. 6 

1. 

001 

73, 91 

0 . 

998 

0. 

754 

0 

996 

912 

6 

158. 

4 

0. 

981 

607. 2 

0. 

999 

71. 04 

0 

971 

0 

728 

0. 

990 

914 

6 

162 

3 

1 

002 

609. 2 

1. 

000 

73. 18 

1. 

007 

0 

r . 

1. 

004 

915 

€ 

161 

8 

0 

987 

607. 6 

0 

997 

75. 12 

0 . 

971 

0. 

7 64 

0 

986 
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CURRENT CMA> 


8/N • 8td LEVEL > 8 t 

TEHPt 25 C Z5CCNA> t 182.8 162.3 

AREAt 4 CH^ VOCCMV> t 687.5 688.4 

ZNT.i 1»AH8 PMAXCMU^i 73.5 73.8 

F.F. I 0.742 8.747 



VOLTAGE CMV> 


FIGURE 161 

ON SERIES UV IRRADIATION EX-SITU 
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6.11 ELECTROSTATICALLY BONDED CELLS (ESB) 

(ASEC 2 mil, BSF/Ri SO 0/sq., 0.2vi Junction depth; 2-4 mil 
7070 glass electrostatically bonded as a cover.) 

6.11.1 Electron Irradiation 

The ESB cells showed no visible damage until they had received 

1C 2 

a total fluence of 1 x 10 e/cm and 15 thermal cycles. At this point 

four of the five cells had cracks in the cover or portions of the cover 

Ifi 2 

were missing or coming loose. After a total fluence of 1 x 10 e/cm 
and 45 thermal cycles the damage became worse with the covers coming loose 
on two cells. One cell displayed no visible damage throughout the test. 

It should be mentioned that the cells used In this test were some of 
the first cells made during the parameter optimization phase of the 
electrostatic bonding program (11AS3-22216) and did not have the quality 
bond that was later achieved as demonstrated In the UV tests. There 
was little Information found about the electron degradation of bare 
ASEC 2-m11 cells of this type therefore transmission losses can not 
be evaluated. Figures 162, 163, 164 and 165 are the summary plots and 
Tables 39A and 39B are the tabulated data. Figures 166A, B and C are 
an example of In situ I-V curves. The sample temperature ranged from 
52°C to 56°C during the Irradiations. 1 '<=^6 was no post ex situ data 
taken on these samples because the cells all cracked during the test 
or during removal from the sample plate. 
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THBLE 39fl TRBULRTED ES8 CELL DRTR - ELECTRON IRRRDIRTION 

ESe CELLS ELECTRON IRRRDIRTION IN-SITU 
TEMP <.C> 25 RRER 4. INTENSlTV l>*<flN0 



rtVERRGE 

RVERRGE 

RVERRGE 

RVERRGE 

Nun^ber*^ 

Isc.Isco 

Voc/Voco 

Plli ./‘PfrtXO 

F F /F F 

0 

1. 000 

1 000 

1 000 

i. 000 

i 

0. 

0 333 

0 811 

0. 383 


0 S26 

0 912 

0. 733 

0 981 

- 

O 320 

0. 905 

0, 636 

0. 337 

4 

0, t.30 

0 S53 

0 544 

0 930 

5 

0 632 

0 853 

0. 553 

0 946 

6 

0 631 

0 835 

0, 435 

0 940 


0. 63*3 

€« 814 

0 484 

0. 93-< 
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T«iLE 39B TOBULftTEt) ES8 CELL DOTft - ELECTRON IRRfiDIftTION 


ESB CELLS ELECTRON IRRfiDIfiTION IN-SITU 
TEMP. <C>; 25 RREfi. 4 INTENSITV 


Serval 

Leve 1 

Is c 

I s c / 

Voc 

Voc/ 

Pmx 

Pmx/ 

Fill 

F. 

F. / 

Number 

Number 

<mR> 

Isco 

<mV> 

Voco 

<niN> 

Pmxo 

FoiC. 

F. 

F. 0 

1001 

0 

4 

1. 000 

562. 1 

1. 

000 

44. 82 

1. 

000 

0 

802 

1. 

000 

1002 

0 

115 3 

1. 000 

592. 4 

1 

000 

53. 62 

1. 

000 

0. 

781 

1. 

000 

I 00S 

0 

107 1 

1 000 

595. 9 

1. 

000 

48. 78 

1. 

000 

0. 

764 

1. 

000 

1004 

0 

114. 7 

1. 000 

577. 9 

1. 

000 

51. 70 

1. 

000 

0. 

780 

1. 

000 

1005 

0 

112. 1 

1 000 

577. 8 

1. 

000 

50. 30 

1. 

000 

0 

769 

1. 

000 

1001 

1 

9t . 0 

0. 905 

539. 9 

0. 

960 

37. 89 

0. 

845 

0 

780 

0. 

972 

1002 

1 

90 2 

0. 857 

542. 5 

0. 

917 

42. 02 

0. 

784 

0 

779 

0 

997 

1002 

1 

91 S 

0. 857 

545. 7 

0. 

916 

38. 65 

0. 

792 

0 

771 

1 

009 

1004 

1 

101 5 

0. 884 

527 4 

0. 

930 

41. 55 

0. 

804 

0. 

762 

0 

977 

1005 

1 

101 0 

0. 892 

542. 4 

0. 

940 

41. 84 

0 

832 

0. 

762 

0. 

991 

1001 


85. 5 

0 880 

527. 5 

0 

928 

24. 62 

0. 

772 

0. 

768 

0 

957 

1002 


92. 1 

0 804 

530 7 

0. 

896 

37. 93 

0. 

707 

0. 

768 

0. 

982 

1002 


Sfc . 2 

0. 805 

523. 6 

0. 

896 

35. 22 

0 

• clc. 

0. 

766 

1. 

002 

1004 

•“> 

94 . 2 

0. 822 

522. 8 

0. 

907 

37. 48 

0 

725 

0. 

759 

0. 

972 

1005 


94 . 9 

0. 838 

522. 9 

0. 

922 

38. 55 

0. 

766 

0. 

762 

0. 

991 

1001 


82 9 

0. 844 

519. 6 

0. 

924 

20. 24 

0. 

1*' 

0. 

696 

0. 

867 

1002 

3 

92 2 

0 805 

534. 7 

0 

902 

38. 42 

0. 

717 

0. 

771 

0. 

937 

1002 


37 1 

0 812 

524. 7 

0. 

897 

35. 62 

0. 

720 

0. 

765 

1. 

001 

1004 


91 1 

0. 795 

505 7 

0. 

875 

20. 26 

0. 

587 

0. 

659 

0 

844 

1005 


95 4 

0 842 

532. 7 

e 

v:.'4 

38. 65 

0 

768 

0. 

759 

0 

986 

1001 

4 

69 . fc> 

0 702 

494. 6 

0. 

880 

24. 11 

0. 

528 

0. 

699 

0. 

871 

1002 

4 

i’‘ r' . 

0. c-88 

505 8 

0. 

854 

29 45 

0. 

549 

0. 

752 

0. 

963 

1002 

4 

71 3 

0. 870 

507. 7 

0. 

852 

27. 61 

0. 

566 

0. 

757 

0. 

991 

1004 

4 

7t 1 

0. 664 

482. 2 

0. 

836 

24. 32 

0. 

470 

0. 

661 

0 

348 

1005 

4 

78 3 

0 697 

505. 8 

0. 

875 

29 98 

0. 

596 

0 

752 

0 

977 

1001 

5 

7t . 2 

0. 707 

491. 9 

0. 

875 

24. 01 

0. 

526 

0. 

695 

0 

866 

1002 

c 

~ 7 *=- “7 

t . 1 

0. 652 

500. 6 

0 

845 

28. 35 

0. 

529 

0. 

748 

0. 

958 

1002 

5 

71 . 4 

0. 667 

504. 2 

0 

846 

27. 14 

0 

556 

0 

752 

0. 

986 

1004 ♦ 

5 

76 1 

0 664 

457 0 

0 

791 

22. 26 

0 

422 

0. 

642 

0. 

824 

1005 

cr 

O 

7S . 2 

0. 700 

502. 2 

0. 

869 

29. S3 

0. 

592 

0. 

750 

0. 

975 

1001 

6 

64 9 

0 652 

479. 9 

0 

854 

21. 78 

0. 

486 

0. 

699 

0 

872 

1002 

6 

6S . 9 

0. 602 

486. 0 

0 

820 

25 30 

0 

472 

0. 

745 

0. 

952 

1002 

6 

68 . 2 

0 618 

491. 4 

0 

825 

24. 28 

0. 

498 

0. 

746 

0. 

977 

1004* 

S 

7C . 7 

0. 616 

442. 0 

0. 

765 

19. 67 

0. 

230 

0 

629 

0. 

807 

1005 

6 

73 . 6 

0 651 

485. 9 

0. 

841 

26 41 

0. 

525 

0. 

7 28 

0. 

959 

1001 

i 

6^ 6 

0 660 

465 2 

0 

828 

21. 12 

0. 

471 

0. 

692 

0. 

862 

1002 

i‘ 

71 . 0 

0 612 

476. 2 

0. 

804 

24. 92 

0. 

465 

0. 

72:6 

0. 

942 

1002 

i' 

66 . 3 

0. 619 

482. 2 

0. 

809 

22. 89 

0. 

490 

0. 

747 

0 

977 

1004 ♦ 

1 

47 3 

0. 412 

428. 5 

0. 

742 

12. 10 

0 

252 

0 

646 

0. 

829 

X005 

1 

74 9 

0- 662 

471. 1 

0. 

815 

25. 72 

0 

511 

0. 

729 

0 

947 


♦NOT INCLUDED IN flVERRGE 
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6.11.2 Proton Irradiation 

No visible damage was observeti until after the first set of thermal 
cycles. At this point two of the five cells had cracked and had a reduced 
output or no output at all. There w*re no further changes in the cells' 
appearance until the testing was completed. At this point, two cells 
showed no change from the beginning except some curling on the ends, 
two cells were cracxed and curled and had no output and one cell was 
curled and had several lengthwise cracks in the glass. 

The summary plots (Figures 167, 168, 169 and 170) show that 
for the cells that had an output there was no damage due to the protons. 
Tables 40A and 40B contain the tabulated data and Figure 171 shows an 
example of pre- and post-test 1-V curves. During the irradiation the 
sample temperature varied from 52°C to 53°C. 
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TABLE 4BA. TABULATED ESB CELL DATA - PROTON IRRADIATION 


ESB CELLS PROTON IRRADIATION EX-SITU 
TEMP. <C>; 25 AREA; 4. INTENSITY I't'AMO 


Level 

AVE RAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Number 

Isc/ Isco 

Voc /Voc o 

Prri;</Pmxo 

F. F. /F. F. o 

0 

1. 000 

1. 000 

1. 000 

1. 000 

1 

1. 009 

0. 994 

0. 955 

0. 952 


Lev'e I 
Number 

0 

1 


4 


ESB CELLS PROTON IRRADIATION IN-SITU 
TEMP. <C>: 25 AREA; 4. INTENSITY l+AMO 


AVE RAGE 
I sc/' I? CO 

1 . 000 

0. S>98 
• 1 . 002 

1 . 002 
1. 005 


AVERAGE 
Voc /Voc o 

1 . 000 

0. 998 

1. 004 
0. 995 
0. 997 


AVERAGE 

Pmx/Pnixo 

1. 000 
0 993 
1 . 000 
0. 985 
0. 991 


AVERAGE 
F. F, /F. F. o 

1 . 000 
0. 997 
0. 994 
0. 987 
0. 990 


ESB CELLS PROTON IRRADIATION EX-SITU 




TE MP. 

CO; 25 

AREA 

; 4 

INTENSITY 1+AM0 



Serial 

L- el 

Is c 

Isc/ 

Voc 

Voc / 

Prnx 

Pmx/ 

Fill 

F. F. 

Number 

Nuirtoer 

<ir. A> 

Isco 

CiriV> 

Voco 

< mW > 

Pm:>!:o 

Fac . 

F. F. o 

1006 

0 

37 . 9 

1. 000 

552. 1 

1. 006 

26. 98 

1. 000 

0. 556 

1. 000 

1007 

0 

101 . 6 

1. 000 

586. 8 

1. 000 

45. 69 

1. 000 

0. 766 

1. 000 

1008 

0 

96 , 7 

1. 000 

592. 4 

1. 000 

42. 68 

1. 000 

0. 745 

1, 000 

1009 

0 

102 . 1 

1. 000 

600. 2 

1. 000 

48. 32 

1. 000 

0. 780 

1. 000 

1010 

0 

97 . 6 

1. 000 

577 8 

1. 000 

38. 27 

1. 000 

0. 678 

1. 000 

1006 

1 

88. 7 

1. 010 

552. 4 

1. 001 

27. 35 

1. 014 

0. 558 

1. 003 

1007 

i 

102. 9 

1 013 

581. 9 

0. 992 

45. 67 

1. 080 

0. 763 

0. 995 

1008 

1 

97. 4 

1. 008 

2 

0. 989 

34. 44 

0. 807 

0. 603 

0. 809 

1009* 

1 

54 5 

0. 529 

592. 1 

0. 987 

21. 99 

0. 455 

0. 681 

0. 872 

1010 

1 

98. 3 

1. 007 

573. 9 

0. 992. 

38. 21 

0. 998 

0. 677 

0. 999 


♦NOT INCLUDED IN AVERAGE 
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TABLE 4Ba TABULATED ESB CELL DATA <• PROTON IRRADIATION 


ESB CELLS PROTON IRRADIATION IN-SITU 
TEMP. <C): 25 AREA: 4 INTENSITV i>fAM0 


Serial 

Leve 1 

Is c 

Is 

:c/ 

Voc 

Voc/' 

Pmx 

Pmx/ 

Fill 

F. 

Number 

Number 

<m A> 

Isco 

Cli-.v? 

Voco 

<mW> 

Pmxo 

Fac. 

F. 

1006 

0 

86 . 5 

1, 

000 

547. 

1 

1. 

000 

26. 

56 

1. 

000 

e. 

561 

1. 

1007 

0 

101. 4 

1. 

000 

581. 

1 

1. 

000 

45. 

68 

1. 

000 

e. 

776 

1, 

10IL8 

0 

96. 0 

1. 

000 

588. 

2 

1. 

000 

42. 

06 

1. 

000 

0. 

745 

1. 

1009 

0 

103 . 2 

1. 

000 

592. 

5 

1. 

000 

47. 

67 

1. 

000 

0. 

779 

1. 

1010 

0 

98. 2 

1. 

000 

573. 

“S 

1. 

000 

38. 

06 

1. 

000 

0. 

676 

1. 

1006 

1 

86 . 3 

0. 

997 

546. 

7 

0. 

999 

26. 

56 

1. 

000 

0. 

563 

1. 

1007 

1 

101. 3 

0. 

999 

581. 

3 

1. 

000 

45. 

41 

0. 

994 

0. 

771 

0. 

1008 

1 

96, 1 

1, 

001 

586. 

8 

0. 

998 

41. 

78 

0. 

993 

0. 

741 

0. 

1009 

1 

102. 9 

0. 

997 

590, 

4 

0. 

996 

46. 

86 

0. 

983 

£i. 

772 

0. 

1010 

1 

97. 7 

0. 

995 

572. 

7 

0. 

999 

37. 

88 

0. 

995 

0. 

677 

1. 

1006 

ici! 

87. 4 

1. 

010 

551. 

1 

1. 

007 


89 

1, 

012 

0. 

558 

0. 

1007 

•' 

101 7 

1. 

003 

583. 


1. 

eoe 

45. 

31 

0. 

992 

0. 

764 

0. 

1008 

iL 

0. 0 

0. 

000 

0. 

0 

0. 

000 

0. 

00 

0. 

000 


000 

0. 

1009 e 

A. 

72. 1 

0. 

698 

538. 


0. 

993 

32 

52 

0. 

682 

e. 

767 

0. 

1010 

2 

97. 7 

0. 

994 

574. 

2 

1. 

001 

37. 

91 

0. 

996 

0. 

676 

1. 

1006 

3 

8? . 0 

1. 

005 

546 

1 

0. 

998 

26. 

24 

0. 

988 

0. 

552 

0. 

1007 

-> 

102. 0 

1. 

006 

576. 

4 

0 

992 

44. 

59 

0. 

976 

0. 

758 

0. 

1008 


0. 0 

0. 

000 

0. 

0 

c. 

■'0 

0. 

00 

0. 

000 

0. 

000 

0. 

1009* 

3 

72 . 3 

0. 

701 

581 

0 

0. 

981 

31. 

41 

0. 

659 

0. 

748 

0. 

1010 


98. 0 

0. 

998 

569. 

9 

0. 

994 

37. 

74 

0. 

991 

0. 

676 

1. 

1006 

4 

37 . 8 

1, 

014 

548. 

iSm 

1. 

002 

26. 

60 

•t. 

002 

0. 

553 

0. 

1007 

4 

101. 8 

1. 

004 

578. 

5 

0. 

996 

44. 

89 

0. 

983 

0. 

762 

0. 

1008 

4 

0. 0 

0. 

000 

0. 

0 

0. 

000 

0. 

00 

0. 

000 

0. 

000 

0. 

1009 

4 

0. 0 

0. 

000 

0. 

0 

0. 

000 

0. 

00 

0. 

000 

0 

000 

0. 

1010 

4 

97 8 

0 

996 

569. 

7 

0. 

994 

37. 

66 

0. 

990 

0, 

676 

1. 


♦NOT INCLUDED IN AVERAGE 
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FIGURE 171 

ESB CELLS PROTON IRRADIATION EX-SITU 
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POWER <MW> 




6.11.3 UV Exposure 

The ESB cells used In the UV test did not degrade electrically 
or visually. These cells were some of the last ones made under the 
electrostatic bonding program (NAS3-22216) and withstood thermal 
cycling very well. The sunvnary plots are shown In Figures 172. 173, 174 
and 175 and the tabulated data are listed In Tables 4' A and 41 B. 

Figures 176A, B and C are In situ I-V curves. The sample temperature 
varied from 37®C to 45®C during the exposure. 
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FIGURE 172. ES8 CELLS UV IRRADIATION IN SITU 
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TABLE 41R. TABULATED ESB CELL 1>ATA - UV IRRADIATION 



ESB CELLS 

UV IRRADIATION EX-SI TU 



TEMP <C> 

25 AREA : 4 

INTENSITY !>«<AM0 


Leve 1 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

Number 

I S C I s c o 

Voc.‘Voco 

Prox/Pmxo 

F F /F F o 

0 

1 U£10 

1 000 

1. 000 

1. 000 

1 

1 0f*0 

1. 005 

1 04b 

0. 992 



ESB CELLS UV 

' IRRADIATION IN SITU 



TEMP <C * 25 

AREA 4 

INTENSITY 1:*AM0 


L^r 1 

HVEr :RGE 

AVERAGE 

AVERAGE 

AVERAGE 

Nufuber 

Isc/Isco 

Voc . ‘ Voc o 

Pmx. Pmxo 

F F . F F o 

y 

i bbb 

1. Ot10 

1 000 

1 000 

1 

i 017 

1, 001 

1 011 

£i 991 

C« 

i. U12 

i. 002 

1 015 

1 00 X 


X . 02 1‘ 

1. 00 i 

1. 029 

0 99: • 

4 

1 021 

1 00S 

1 016 

O ^ L 

n 

1. 028 

1. ti04 

1 01S 

0 ‘ ^86 

i; t 

1 030 

1. 001 

1 020 

0. 




ESB CELLS UV 

' IRRADIATION 

EX-SITU 





TE MP 

CO: 25 

AREA 

4 1 

INTENSITY 1+AM0 



St r 1 a 1 

Le V‘‘e 1 

Isc 

Tsc2 

Voc 

Voc 

Pm>: 

Pfit:<.' 

F V U 

F F . 

Number 

Nu.mEM?r 

•ntA> 

1 SCO 

C frt V > 

Voc o 

C mW > 

Pjil.XO 

Fac 

F F o 

1011 

0 

121 5 

1 000 

585. 2 

1 000 

51. 11 

1. 000 

0. 715 

1. 000 

1012 

0 

124 0 

1 000 

599 1 

1 000 

56. 61 

1. 000 

0. 762 

1. 000 

1011 

0 

12? 1 

1 000 

599. 4 

1. 000 

58 24 

1 000 

0. 764 

1 000 

1014 

0 

136 1 

1 000 

607. 8 

1 000 

61 25 

1. 000 

0 742 

1 000 

1015 

0 

0 0 

0 000 

0. 0 

0 000 

0 00 

0. 000 

0 00C1 

0. 000 

1011 

1 

129. 5 

1. 048 

589. 2 

1 007 

56 82 

1 069 

0 745 

1. Oil 

1012 

i 

110 . 1 

1 050 

601 6 

1. 004 

57. 67 

1 019 

0. 716 

0 965 

1011 

1 

114 9 

1 061 

600 4 

1 002 

60. 52 

1 029 

0. 747 

0. 978 

1014 

X 

141 4 

1. 019 

611. 2 

1 006 

64. 79 

1 056 

£1. 750 

1 010 

1015 

X 

118 6 

0 000 

607. 5 

0 000 

60. 58 

0 EtOO 

0 720 

0 000 
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rABLE 418. TA0ULATCD ES8 CELL DATA • UV IRRADIATION 


ESB CELLS UV IRRADIATION IN SITU 
TEMP. <C>. AREA: 4 INTENSITY 1*AM© 


Serial 

Level 

Isc 

l£C/ 

Voc 

Voc/ 


Pmx.‘ 

Ptll 

F. F. / 

Nurobtr 

Numbe*' 

<mA> 

Isco 

<mV> 

Voco 

<mW> 

Pmxo 

Fac. 

F, F. o 

1011 

0 

123, 5 

1. 000 

586. 5 

1. 000 

54. 06 

1. 000 

0. 746 

1. 000 

1012 

0 

123. 4 

1. 000 

600. 7 

1. 000 

56. 15 

1 000 

0. 75? 

1. 000 

1013 

0 

12S. 7 

1 1300 

599, 2 

1. 000 

58. 39 

1. 000 

0. 769 

1. 000 

1014 

0 

134 1 

1. 000 

609. 4 

1. 000 

62. 08 

1. 000 

0. 760 

1. 000 

1015 

0 

0 0 

0. 000 

0. 0 

0. 000 

0. 00 

0. 000 

0. 000 

0. 000 

1011 

1 

124. S 

1, 010 

587. 0 

1. 001 

54. 43 

1 007 

0. 743 

0 996 

1012 

1 

124, 4 

1. 000 

600. i‘* 

1 000 

56. 70 

1. 010 

0. 759 

1. 002 

1013 

1 

129. 6 

1 023 

600 5 

1. 002 

59. 28 

1. 015 

0. 762 

0. 990 

1014 

1 

137 S 

1. 028 

610, 1 

1. 001 

62. 93 

1 014 

0. 749 

0. 985 

1015 

1 

134 5 

0. 000 

605. 2 

0 000 

56 93 

0. 000 

0. 699 

0 000 

1011 

2 

124, 7 

1, 009 

588. 2 

1 003 

53. 97 

0. 998 

0 736 

0. 9k'.6 

1012 

■> 

123. 7 

1. 002 

601. 5 

1. 00J 

56. 81 

1. 01.3 

0. 764 

1. 00k: 

1013 


12S, 2 

1. 012 

601. 3 

1. 003 

60. 03 

1 028 

0. 779 

1. 012 

101 

iL’ 

137. 5 

1. 026 

610 2 

1. 001 

63. 53 

1 023 

0 757 

0. 996 

1015 


134 1 

0. 000 

605, 5 

0 000 

57. 46 

0. 000 

0. 708 

0. 000 

1011 


12S. 1 

1. 021 

588 8 

1. 004 

54. 69 

1. 012 

0 737 

0. 997 

1012 


126. 2 

1 022 

602 7 

1. 003 

58. 03 

1 033 

0 763 

1 008 

1013 


0. 0 

0 000 

0 0 

0, 000 

0 00 

0. 000 

0. 000 

0. 000 

1014 

.-i- 

139 3 

1. 039 

611. 2 

1 003 

b4 72 

1. 043 

0. 760 

i. 001 

1015 


134 5 

0 000 

606 5 

0. 

57 Sb 

0 000 

0 709 

0. 000 

1011 

4 

124. 9 

1. 011 

580. 9 

1. 004 

55. 04 

1. 018 

0. 74.9 

1. 00.3 

1012 

4 

125. 7 

1. 019 

602. 4 

i. 003 

55. 75 

0. 993; 

0. 736 

0. 97’2 

1013 

4 

130 4 

1. 029 

601 5 

1. 004 

60. 24 

1. 032 

0. 768 

0 99:3 

1014 

4 


1 026 

611. 3 

1 003 

63. 36 

1 021 

0 753 

0. 991 

1015 

4 

132. 3 

0. 000 

606 7 

0 000 

57 45 

0 000 

0. 712 

0. 000 

1011 

tr 

12b 2 

1 021 

589. 2 

1 005 

54. 96 

1. 017 

0 739 

0. 991 

1012 

cr 

126 6 

1. 026 

602. 5 

1. 003 

56- 44 

1 005 

0. 740 

0. 977 

nil.: 


130 7 

1, 032 

601. 0 

1. 003 

59. 59 

1 021 

0 759 
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1014 
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1. 034 
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’S 
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1. 026 
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1 005 

55. 94 

1 035 
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1, 003 

1012 

6 
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1. 023 

602. 7 

1 003 

56 39 

1. 004 

0 741 

0 979 

1013 

o 

130 9 

1, 034 

600 3 

1 002 

59. 03 

1. 011 

0. 751 

0. 976 

1014 

iS 

13 8 9 

1. 036 
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1 003 

63. 98 

1. 031 

0 753 

0 991 

1015 

<5 
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6.12 2-m1l 7070 GLASS 


Samples of 2-mil 7070 glass 2 cm x 2 cm in size were also in- 
cluded in the electron and proton irradiations. 

6.12.1 Electron Irradiation 

There was no visible damage to the glass throughout the electron 
irradiation. 

6.12.2 Proton Irradiation 

The glass started to curl on the ends which were not held down 

14 2 

after the first set of thermal cycles and 3 x 10 p/cm fluence. The 
curling continued throughout the test The glass curled up as much 
as 5-irri off the surface of the plate at the ends. It is thought that 
the protons may be compacting the glass at the surface therefore 
changing its density which creates shear stress when glass is tempered. 
These surface stresses on only one surface result in the curling 
observed. 


D1 80-26590-1 

241 



6.13 NASA-LEWIS MODULE #1 

(2 mil cell; 7070 cover; 1 mil FEP-C adhesive; 1/2 mil 
FEP-C. 1 1/2 mil fiberglass, 1/2 mil FEP-C, 0.3 mil Kapton back; 0.5 
mil silver Interconnects) 

This module was exposed to the UV and thermal cycling environ 
ment only. The module developed a hazy region after 1000 ESH and 15 
thermal cycles. At the end of the test the hazy region covered 1/3 
of the module area. It was found that the hazy region could be wiped 
off after the module was removed from the chamber Indicating that the 
hazy region was contamination of some type (see Section 5.3). Figure 
177 is a photograph showing the hazy region. Figures 178, 179, 180, 

181 are the summary plots. Tables 42A and 428 list the tabulated data 
and Figure 182 Is the pre- and post-test I-V curves. The san^le tempera 
ture during the exposure ranged from 42*C to 58®C. 


* 
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TABLE 42a TABULATED MODULE 1 DATA > UV IRRADIATION 


MODULE NUMBER 1 UV IRRADIATION EX-SITU 
TEMP. <C>: 25 AREA 26 INTENSITV 1#AM0 


Ser i.a 1 
Nufiikiii; r ■ 

Level Isc 

Nuri'iber <rftA> 

Isc/ 

Isco 

Voc 

<mV> 

Voc/ 

Voco 

Pfnx 

' 

Pmx/ 

Pmxo 

FvU 

Fac. 

F. 

F. 

F. / 

F. o 

1101 

0 511. 6 

1. 000 

1786. 1 

1. 000 

724. 27 

1. 000 

0. 793 

1 

000 

1101 

1 469 5 

0 918 

1803. 8 

1 010 

660. 40 

0. 912 

0. 780 

0 

984 


MODUuE NUMBER 1 UV IRRADIATION IN SITU 



TEMP. CO : 

25 AREA : 36. 

INTENSITY 1>4‘AM0 



AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 

fJufiiber 

I > C ■ Isco 

Voc /Voco 

Pmx/Pmxo 

F. F. /F F 

0 

1. 000 

1. 000 

1. 000 

1. 000 

1 

0 951 

0. 997 

0. 949 

1. 002 


0 963 

0. 996 

0. 950 

0. 990 


0. 941 

0. 997 

0. 925 

0. 985 

4 

0. 942 

0. 997 

0. 940 

1. 001 

5 

0. 895 

1 002 

0. 899 

1. 002 

6 

0 909 

0 999 

0. 904 

0. 996 
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TRBLE 42B. TfiBULflTEB MODULE 1 D«TR - UV IRRRDMTZON 


nODULE NUMBER 1 UV IRRRDIRTION IN SITU 
TEMP, <C>; 25 RREfi; 36 IHTENSITV l**«flM0 


Serial 

Number 

Level 

Number 

Is c 
<rr fi> 

Isc/ 

Isco 

Voc 

Voc/ 

Voco 

Pmx 

Prnx/ 

PmxG 

Fill 

Fac. 

F. F. / 
F. F. o 

1101 

0 

506 . 3 

1. 000 

1752. 5 

1. 

000 

693. 49 

1. 000 

0. 781 

1. 000 

1101 

1 

481 8 

0, 951 

1747. 4 

0. 

997 

658. 47 

0. 949 

0. 782 

1. 002 

1101 

2 

488 , 2 

0. 963 

1745. 5 

0. 

996 

658. 78 

0. 950 

0. 773 

0 990 

1101 

3 

47? 1 

0. 941 

1747. 7 

0. 

997 

641. 35 

0. 925 

0. 769 

0. 985 

1101 

4 

477 . 5 

0. 942 

1746. 6 

e. 

997 

651. 76 

0. 940 

0. 781 

1. 001 

1101 

5 

453 . 3 

0. 895 

1755. 8 

1. 

002 

623. 58 

0. 899 

0. 782 

1. 002 

1101 

6 

46e . 6 

0. 909 

1750. 9 

0. 

999 

626. 79 

0. 904 

0. 777 

0. 996 
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CURRENT <MA> 



POWER CMW> 





6.14 MODULE #2 (made for JPL by TRW) 

(2 mil Solarex ce^l with Td20g, 3 mil 0211 cover with DC 93*500 

adhesive) 

There was no change observed throughout the exposure. The 
summary plots (Figures 183. 184. 185 and 186) Indicate there was no 
degradation. Tables 43A and 436 are the tabulated data and Figure 187 
Is a r>hotograph of the module at the completion of the exposure. Figure 
1S8 is tiKt pre- and post-test I-V curve. Tne module temperature during 
exposui'e ranged from 46®C to 54'*C. 
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TRBLE 43a TABULATED NODULE 2 DATA - UV IRRADIATION 


MODULE NUMBER 2 UV IRRADIATION EX-SITU 
TEMP. CO; c ;5 AREA 3 fi INTENSITV 1 *AM 0 


\ a 1 

Lev**© 1 

Isc 

Isc ‘ 

Voc 

Voc / 

Pmx 

P'mx/ 

Fill 

F 

F. / 

Number 

Number 

C mPi 

Isco 

vniV 

Voco 

c mN > 

Pmxo 

Fac 

F 

F o 

1102 

0 

l;79 3 

1. 00E^ 

lt.57 3 

1 080 

477. 95 

1. 000 

0 760 

1 

000 

1102 

i 

391 7 

1, 0-<3 

1662. 5 

1. 003 

499. 29 

1 045 

0 i’ 6 1 '* 

1 

008 


MODULE rJUMBEP 2 UV IRRADIATION IN SITU 



TEMP CO 

AREA 1-6. 

INTENSITV 1+HM0 


L € ’v 6 1 

AVERAGE 

AVERAGE 

AVERAGE 

HVERAiiE 

Number 

Isc Isco 

Voc . ’Voc o 

Pm.x, ’Pm.xo 

F F . ’F F o 

0 

1. 000 

1. 000 

1 000 

1. 000 

I 

0. 998 

1 001 

0 989 

0. 5^90 


0 994 

1 004 

0. 989 

0 932 


1 013 

1 003 

1 015 


4 

1 002 

1 003 

1. 005 

1 000 

c. 

1 004 

1 002 

1 009 

1 003 

t. 

1 005 

1 004 

1 0x5 

1. 00O 
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TRBLE 43B. TABULATED MODULE 2 DATA - UV IRRADIATION 


MODULE NUMBER oV IRRADIATION IN SITU 
TEMP. <C>: 25 AREA: 36 INTENSITV IfAMO 


Ser ia 1 

I sc 

Isc^' 

Voc 

Voc .■'* 

Pmx 

Pmx/ 

Ftn 

F. 

F. / 

Number 

Numbt r > 

Isco 

<mV> 

Voco 

mU 

Pmxo 

Fac. 

F. 

F. o 

1102 

0 377. 3 

1. 000 

1651. 2 

1. 

000 

469, 87 

1 000 

0. 754 

1. 

000 

1102 

1 :<7€ ^5 

0, 998 

1652. 1 

1. 

001 

464. 76 

0. 989 

0. 747 

0. 

990 

1102 

2 374. 8 

0 994 

1657. 3 

1. 

004 

464. 63 

0. 989 

0. 748 

0. 

992 

1102 

3 302. 3 

1. 013 

1656. 1 

1. 

003 

477. 05 

1. 015 

0. 753 

0. 

999 

1102 

4 377. 9 

1. 002 

1657. 0 

1. 

003 

472. 39 

1 005 

0. 755 

1. 

000 

1102 

'T* 378. 7 

1. 004 

1654. 9 

1. 

002 

474. 29 

1. 009 

0. 75? 

1. 

003 

1102 

6 379. 3 

1. 005 

1657. 3 

1 

004 

476. 81 

1. 015 

0. 759 

1. 

006 
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ORIGINAL PAGE IS 
OF POOR QUALITY 



FIGURE 187. JPi MODULE (1102) AT COMPLETION OF EXPOSURE, 
POST-EXPOSURE UV 
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7.0 SUMMARY OF RESULTS 


7.1 INTRODUCTION 

Current and projected trends in space solar power systems require 
larger and nx>re efficient photovoltaic arrays. Thus, the increased 
emphasis on the power/weight ratio of solar cell arrays and on improving 
the economy of manufacture of these structures has required new efforts 
to discover materials suitable for use as solar cell covers. As these 
new materials are being developed, it is necessary to conduct evaluation 
testing of these new materials and/or methods, to determine their feasi- 
bility for various space missions. During this program, laboratory tests 
that provide a basis for meaningful evaluation have been conducted under 
conditions which closely approximate the environmental conditions of 
space. The materials tested include several new candidates for space 
solar array encapsulants. These materials are 1) 0211 Ceria-doped micro- 
sheet, 2) FEP A coatings, 3) DC 93-500 adhesive, 4) PFA "hard coated," 

5) GE 615/UV-24 and 6) electrostatically bonded 7070 glass. 

There were fifteen each of nine types of individual test specimens 
(2 cm X 2 cm) and two 3x3 cell modules provided by NASA-Lewis Research 
Center for this program. The test was divided into three separate 
environmental factors: 1 MeV electrons interspersed with thermal cycling, 

0.5 MeV protons interspersed with thermal cycling and ultraviolet ex- 
posure interspersed with thermal cycling. There were five samples of 
each type in each environment with the two modules being exposed only in 
the ultraviolet test. The total fluence exposure was done in increments 
and each incremental fluence or exposure was followed by a set of fifteen 
thermal cycles in vacuum. There were four incremental fluence levels 
of electrons that reached a total fluence of 1 x 10 e/cm^". There were 

two incremental fluence levels of protons that reached a total fluence 
1 5 2 

of 3.3 X 10 p/cm . The UV exposure was divided into three increments 
with a total exposure of 8,760 ESH. The thermal cycling range was 
-175°C + 10°C to +55"C + 5°C. 

Measurements of the I-V characteristics of each specimen were 
made in situ prior to, between and following each irradiation and set 
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of 15 thermal cycles. Specially prepared silicon cells were used as 
control cells to be exposed to the same conditions as the covered cells. 
Bare silicon cells, protected from the radiation environment, were used 
as monitor cells for adjustment of the light Intensity during the In situ 
I-V measurements. 

7.2 CONCLUSIONS 

It should be mentioned that while some types of samples were 
1n poor condition at the end of the electron or proton environment tests, 
the total fluence reached In each test was extreme and may not represent 
fluences reached In any particular mission. For this reason. It Is 
Important to also analyze the test results of Intermediate fluences. To 
relate this work to an actual mission one must know the exact orbit 
parameters and use the proper radiation model to predict the radiation 
environment the solar cells are to encounter. The fluence levels expressed 
In this report are the fluences impinging on the surface of the samples. 

The results will be summarized by sample type with all three 

environments discussed before continuing to the next sample type. Where 
it was possible damage thresholds and limits of reliable use are discussed. 

Table 44 is a sumnary of the test results at the maximum fluence or 

exposure the samples received. 

7,2.1 A Series 

(OCLI 8-mil lOn-cm BSF/R cell, 4-mil 0211 ceria-doped cover, 

0.5 mil 93-500 adhesive) 

These samples responded as one would predict. At an electron 

flunce of 5 x 10^^, lost 14% (11% from cell and 3% from cover) 

with the loss increasing to 32% (27% from cell and 5% from cover) at 
16 2 

1x10 e/cm . Therefore, the electron irradiation caused a 3-5% 
transmission loss in the 0211 microsheet cover. In the proton environment 
the 0211 microsheet was thick enough to stop the protons and protect the 
cell from proton damage. There was no transmission loss in the 0211. In 
the UV test there was a transmission loss of 2% to 7% from 1000 ESH to 
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TABLE fA. SUMMARY OF RESULTS 


CUl-COV£«-A0ME:SMf£ COWIMTION 

SIMULATION ENVIRONMENT I 

1.0 MeV ELECTRONS 
WITH TMERMW. CraiNG 

0.5 MeV PROTONS 
WITH THERWU. CVatNG 

UV EmSUK 
KITH THEIWM. CVaiW 

A SCRIES - Sec. 6.4 

Cell - oai 8-«11 10 o-oi, BSE/R 
Cover - 4 nil 0211 CerU doped 
Adhesive - 0.5 eil X 93-50 (j 

5t transmission loss In 0211 

0211 stopped protons thus no 
damage to sample 

7f trehMlaalM lots 4m to 
poatiblo centamifiatlen, 0211 
■ferethtet dapfconlM or 
X 83-SOO dartonliig 

C SERIES - Sec. 6.5 

Cell - XU 2-#n. 10 a-o. Te.O, 8SF 
Cov^r - 2 »n ffP-A 
Seek - 1 mil K«:>ton 

Adhesive - 2 ell X 93-500 front 1 back 

FEP-A hardened, cracked and 
bl Istered 

4.5X transmission loss In 
FEP-A 

138 tranflilsslon loss due to 
possible contamination, FCP^A 
darkening or X 93-500 dortcnlng 

0 SCRIES - Sec. 6.6 

Cell - XU ShuII. 10 u-ce, BSF/R 
Cover - 1.5 ell X 93-5X 

3-4S transmission loss In 
X 93-500 


in tronsmlsslon loss due to 
K 93-500 darkening or 
possible contamination 

E UtUS - Sec. 6.7 

Cell - Spectrolab 10 nil, 10 Q-ae, 
Series 4500 

Cover - 2-nll 6E 615/UV-24 

No transmission loss In 
GC 615/UV-24 

GE 615/UV-24 hardened with 
protons and cracked badly 

251 transmission loss In 
«C 615/UV-24 

P SERIES - Sec. 6.8 

Cell - SolarcR 2-*i11, 2 n-cn TdjOe 
Cover - 0.5 nil GR 650 ^ 

Failed nechanically due to 

thermal cyclinq 

GR 650 allowed protons to 
severely degrade cells 

fl transmission loss doe to 
possible contamination or 
darkening of Vio 6A 650 

GE CELL - Sec. 6.9 

Cell - Solarex 2-n11 

Cover - 2-nll PFA "Hard-coated" 

j^ck - 1 nil Rapton 

Adhesive - X 93-5X front & back 

PFA became brittle wit* * lectron 
and cracked badly making .amples 
useless 

PFA covers b istered and 
peeled off making samples 
useless 

Crocks or darkening In PFA 
and darkening of X 93-500 
caused 131 transmission 
lost 

D0U8LE WJHBCR CEUS - Sec. 6.10 

Cell - Spectrolab 2-n11. TeRtiiri^ed BSF 
Cover - 2 nil 0211 

Back - 2 nil FEP-2X, 1.5 nil flbr^rqlass 
2 nil FCP-2X, 1 nil Kapton 
Adhesive - ^ mil FEP-A 

FEP-A adhesive hardened and 
the covers came off In thermal 
cycling 

Cover stopped protons thus 
no damage to samples 

No damage 

ES8 CELLS - Sec, 6.11 

Cell - ASEC, 2-nU. 50 n/sq. 
Cover - 2 nil 7070 

Insufficient data to evaluate 

Cover stopped protons thus 
no damage to cells 

No rtamsgs 

8 SERIES - Sec. 2.1 

Cell - 2 nil 

Cover - 2 nil FEP-A 

Sack - 1 nil Kapton 

Adhesive - G£ 6574 front A hack 

These samples did not pass a preliminary thermal cycling test. The cover debonded from 
cell after a few thermal cycles. They were not Included further In the evaluations. 

Nodule 1 (node by RASA-Lewls) - Sec. 6.12 

Cell - 2 nil 
Cover - 7070 glass 
Adhesive - 1 nil FEP-C 
Uck - 0.5 nil FEP-2XU 1/2 nil fiberglass 
0.5 nil fEP-2X.0.Snn Kapton 

... 


101 transmits Ion lots boNare 
cloamog - 2.71 aftor. 
Possibly 4m to PtP-C 
odhaslvo 

Ncdula 2 (Mda fhr JfL) - Sec. 6.13 

... 

... 






































8760 ESH. The cause of the loss was one or more of the following; 

(1) contamination during the UV exposure, (2) darkening of the 0211 
microsheet or (3) darkeni..g of the DC 93-500 adhesive. It is not possible 
to separate the causes because of the presence of some contamination during 
this UV exposure as explained in Section 5.3. However, it is felt that 
some portion of the 1 % loss is caused by the DC 93-500 adhesive and 0211 
microsheet. 

7.2.2 C Series 

(OCLI 2-mil, lOn-cm BSF cell with Ta£0g, 2 mils FEP-A cover, 

1 mil Kapton back and 2 mils of DC 93-500 adhesive on front and back.) 

In the electron test the sample survived to a fluence between 

1 X 10^^ e/cm^ and 5 X 10^® e/cm^ By 5 x 10^® e/cm^ the FEP-A was 

becoming hard and then the thermal cycling caused blistering. The protons 

14 2 15 

caused the FEP-A to start becoming hazy at 3 x 10 p/cm and by 3.3 x 10 

2 

p/cm there was a 4.5 percent transmission loss. In the UV test there 
was a 6% to 13% transmission loss from 1000 ESH to 8760 ESH. The loss 
was caused by one or more of the following: (1) contamination during 

the UV exposure (see Section 5.3), (2) darkening of the FEP-A or 
(3) darkening of the DC 93-500. The reaction, if any, between the 
FEP-A and the contamination is unknown but tne contamination was not 
felt to be responsible for the entire transmission loss. 

7.2.3 D Series 

(OCLI 8-mil lOfi-cm BSF/R cell, 1.5 mil 93-500 cover) 

In the electron test there was a 13" to 30% loss in I from 
14 2 16 2 

5 X 10 e/cm to 1 x 10 e/cm . /Ihen the bare cell electron damage 

was substracted it was found there was a 3 to 4 percent transmission loss 

in the DC 93-500. In the proton test cracks were apparent in the DC 93-500 

14 2 

at the intermediate fluence of 3 x 10 p/cm . The DC 93-500 hardened 
during the proton irradiations and then cracked badly during thermal 
cycling. In the UV exposure there was a 7% to 14% loss from 1000 LSH 
to 8760 ESH. The loss was caused by either one or a corrtjination of the 
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darkening of the OC 93-500 or contamination during the UV exposure. 

7.2.4 E Series 

(Spectrolab 10-m11 lOn-cm, series 4500 (iC 4 1/2) cell i 
2 mils of GE 615/UV-24 as a cover.) 

During the electron test there was no degradation of the GE 

1 ^ p 

615/UV-24 throughout the total fluence of 1 x 10 ' e/cm . In the proton 

test cracks appeared in the cover material after the intermediate fluence 
14 2 

of 3 X 10 p/cm and 15 thermal cycles. The protons caused the GE 615/ 

UV-24 to l-ecome brittle and then crack during thermal cycling. Therefore, 

14 2 

the threshold for embrittlement is below 3 x 10 p/cm . In the UV 
test it was found that degraded from 11% at 1000 ESH to 25% at 
8760 ESH. The samples had a yellowish appearance at 4000 ESH indicat- 
ing that the degradation wds due to transmission loss in the cover material. 
The high transmission loss under UV exposure and the proton embrittle- 
ment would indicate that using 6E 615/UV-24 as a cover alone is not 
advisable. 

7.2.5 P Series 

(Solarex 2-miI with Ta20g cell, 0.5 mil of GR 650 

as a cover. ) 

During the electron test the delicate samples cracked and 

broke due to thermal cycling induced irechanical stresses. There were 

no performance conslusions made. During the proton test the samples 

again cracked; however, there was enough data to «.how that I,_ degraded 

14 2 

90 percent at the intermediate fluence of 3 x 10 p/cm . It appears 
that the GR 650 either had many holes in it or it was just not thick 
enough to stop the protons. During the UV test it was found that 1^^ 
degraded from 2% at 1000 ESH to 9% at 8760 ESH. The cause for the loss 
is either one or a combination of darkening of the GR 650 or contamina- 
tion during the UV exposure. The loss is not large Indicating that 
either or both causes are not great. 
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Improvement in the method of applying the GR 650 and deter- 
mining the proper thickness for the mission and proper mounting techniques 
on the panels could make this type of sample a candidate for use. Additional 
testing would be required to verify that the Improvements were successful. 

7.2.6 GE Cells 

(Solarex 2-mil cell, 2-mil PFA "Hard-coated" cover, 1 mil 
Kapton back, DC 93-500 adhesive front and back.) 

In the electron test the electrons caused the PFA to become 

1 5 

brittle and then crack during thermal cycling. At a fluence of 1 x 10 

2 

e/cm the PFA had already become brittle and cracked during the thermal 
cycles that followed. Further electron Irradiation and thermal cycling 
made the cracking worse. In the proton test the cover started to curl 
and blister at or before the 3 x 10 ^ p/cm*^ fluence. Further, irradiation 
caused worse blistering and peeling. During the UV exposure small hair- 
line cracks began to show up after 4000 ESH and became worse by the end 
of the 8760 ESH exposure. There was a 13 percent drop in I^^ over the 
entire test caused by one or more of the following: (1) cracks in the 
PFA scattering the solar spectrum, (2) darkening of the PFA cover or 
(3) darkening of the X 93-500. The amounts of transmission loss could 
not be separated. 

7.2.7 Double Number Cells 

(Spectrolab 2 mil space-qualified texturized BSF cells, 

2-mil 0211 cover; 2 mil FEP-A adhesive; 2 mil FEP-20C, 1 1/2 mil fiber- 
glass, 2 mil FEP-20C and 1 mil Kapton backing.) 

Tn the electron test the first indication of hardening of 

15 2 

the FEP-A adhesive occurred at 1 x 10 e/cm . The thermal cycling 
caused the cover to lessen due to the flexing of the cell -cover system. 

As the FEP-A hardened and was thermal cycled it became hazy. When the 
samples were removed from the sample plate the backing separated from the 
cell. In the proton test the 0211 cover stopped the protons as expected 
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and therefore there was no damage to the cells. The UV exposure did not 
affect these samples. It was not possible to determine If the 0211 
cover had a UV filter therefore the lack of transmission loss cannot be 
attributed to the FEP-A adhesive withstanding the UV exposure. In 
fact, in light of the ATS-6 results* where an early 1 % loss in 1^^. due to 
UV effects was observed in cells with FEP used as a cover adhesive without 
a UV rejecting filter, it would appear that there was a UV rejecting 
filter on the double number cells. 

7.2.8 Electrostatically Bonded Cells (ESB) 

(ASEC 2 mil, BSF/R, 50fi/sq.» 0.2u junction depth; 2-4 mil 
7070 glass electrostatically bonded as a cover.) 

In the electron test the first visible damage was observed 
1 5 2 

after a fluence cf 1 x 10 e/cm and 15 thermal cycles when there were 

cracks in the covers or the covers had come off. This continued through 

16 2 

the total Tiuence of 1 x 10 e/cm and 45 thermal cycles. There was 
however, one cell that did not crack throughout the entire test. It 
should be mentioned that the cells used in this test were some of the 
first cells made during the parameter optimization phase of the electro- 
static bonding p. ;gram (NAS3-22216) and did not have the quality bond that 
was later achieved as demonstrated in the UV test. 

1.1 the proton test the thermal cycling appeared to cause the 
cracking of one cover and cell. The proton irradiation also caused the 
samples to curl on the ends. It is thought that the p.-otons may be 
compacting the glass at the surface therefore changing its density 


*L. J. Goldhammer and Luther W. Slifer, Jr., "Summary Results of the 
ATS-6 Solar Cell Flight Experiment," Proceedings of the Fourteenth 
IEEE Photovoltaic Specialists Conference, Jan. 1980. 
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which creates shear stress when the glass Is heated. These surface 
stresses on only one surface resulted in the observed curling. The 7070 
glass cover was thick enough to stop the protons so that there was no 
electrical degradation. 

In the UV exposure there was no electrical or visual degrada- 
tion. The samples withstood thermal cycling very well. 

7.2.9 B Series 

(2-m11 cell, 2-m11 FEP-A cover, l-m11 Kapto?i back, 6E 6574 
front and back as adhesive.) 

These samples were not Included In the test program. It was 
found In a preliminary thermal cycling test that the covers debonded 
from the cell after a few thermal cycles. The 6E 6574 apparently was 
not able to hold the cover and cell together at low temperatures. 

7.2.10 Module 1 (made by NASA-Lewls) 

(2-m11 cell; 7070 cover; l-m11 FEP-C adhesive; 1/2 mil FEP-C, 

1 1/2 mil Fiberglass, 1/2 mil FEP-C, 0.3 mil Kapton back; 0.5 mil silver 
Interconnect.) 

■his module was involved in the UV exposure only. There was 
about 1/3 of the module that appeared hazy at the completion of the 
test. It was found that the hazy region could be wiped off after the 
module was removed from the chamber. This indicates that the hazy region 
was contamination from the vacuum chamber. There was a 10% loss in I 

sc 

before removing the contamination and a 2.7% loss after removing the 
contamination. The 2.7% loss is minimal and may be from incomplete 
removal of contaminates or early DV effects on the FEP-C adhesive as 
described in the ATS-6 solar cell flight experiment*. 


*L. J. Goldhar.ner and Luther W, Slifer, Jr., "Summary Results of the 
ATS-6 Solar Cell Flight Experiment," Proceedings of the Fourteenth IEEE 
Photovoltaic Specialists Conference, Jan. 1980. 
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7.2.11 Module 2 (made for JPL by TRW) 

(2-m’l Solarex cell with Ta20g, 3-mil 0211 cover with DC 93-500 

adhesive. ) 

This module was only tested in the UV exposure test. The 
module showed no degradation whatever. The results indicate that up 
to 8760 ESH there is no significant darkening of the 0211 cover or the 
DC 93-500 adhesive. 

7.3 RECOWiENDA.IONS 

Some general comments and recommendations can be made from the 
test results of this program. 

The electrost; tically bonded (ESB) cells showed great promise. They 

survived well in the proton and UV tests and would have survived the electron 

test if they had not been the first cells produced during the parameter 

optimization task of the ESB contract (NAS3-22216) . Additional testing is 

rec(XTinended in all three environments using improved mounting and thermal 

cycling techniques for thin solar cells and the latest ESB technology cells. 

FEP-A Uied as a cover or as an adhesive showed signs of embrittle- 

15 '' 

ment at electron fluences of 1 x 10 e/cm*". For pt'oton environments 

142 152 

between 3 x 10 p/cm and 3.3 x 10 p/cm the FEP-A covers became hazy 
and caused transmission loss of 4-5^. The UV results were difficult to 
separate for the FEP-A covers; however, the FEP-A adhesive showed no damage. 

The results indicate the FEP-A covers or adhesives are only useful if 

1 5 

used in environments which have 1 MeV electron fluences less than 1 x 10 

2 14 2 

e/cm and 0.5 MeV proton fluences less than 5 x 10 p/cm . These restrictions 

limit the use of the FEP-A to shorter missions than other materials. 

PFA "hard coat" used as a cover is not recommended due to em- 
brittlement and blistering in the electron and proton environments. 

DC 93-500 and GE 615/UV-24 are not recommended for use as 
covers only due to the hardening and cracking caused by protons and thennal 
cycl ing. 

The use of 6R 650 as a cover material showed promise in the 
electron and UV environments. However, the protons were able to penetrate 
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the material. Improvements 1n applying the GR 650 could increase the proton 
hardness to acceptable levels. Additional proton environment testing would 
be required to prove hardness. 

It is clear that some of the materials included in this program 
show promise. Further improvements in application of the materials to the 
sclar cell and then evaluation testing in simulated environments is required. 
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